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...8. TECHNOLOGICAL EVALUATION FOR MEMBRANE BIOLOGICAL REACTOR PLANTS

TABLE 8-3.
BASE CASE/EXISTING SYSTEM FOR MBR PLANT

Biowin Input FIOW ......ccoovviviiiiiiiieieieeeen 1.0 mgd
TeMPETALUTE ..o 10 °C
Aeration Tank
Tank VOIUME .......oocveiieiieiieiieiceceeeeeieee 0.36 MG
HRT ..o 8.64 hours
MLSS Concentration............c.eeververeeeneeneeeneennen 5,073 mg/L
DO Concentration ............ceeeereereeneeneenieeneennenn 2 mg/L
Aeration Tank Airflow Rate .........cccceevvevvienneenen. 697 cfm
SRT oot 23.01 days
RAS Recycle Rate.......ccoevevienienieieieieeeee 1.5Q
Pre-Anoxic Tank
Tank VOlume ........cccoevuieviiiiiiiiiiiicececeeeee 0.12 MG
HRT oo 2.88 hours
Internal Recycle Rate .........ccceveevvenienienieceen. 4Q
Post-Anoxic Tank
Tank VOIUME .......coovveiiieiieiieiieieccceceieee 0.12 MG
HRT ..o 2.88 hours
Membrane Bioreactor
Tank VOIUMe .......cooveviieniiiiiiiiiecececeeee 0.06 MG
NO. Of CaSSEtes...ccuveveeeiieeiieeiieeiecie et 4.0
Area of each Cassette........oovevvivivveceecececeeeene 16,320 fi2
HRT oot 1.44 hours
MLSS Concentration............cceceervereeneeneeeneennnn 8,433 mg/L
DO Concentration ...........cceeeereeneeneeneeneeneennens 6.0 mg/L
Air Supply Rate......ccvevveriiiieiieieciecieieee 941 cfm
Membrane FIUX .........ccocoeeveiieeieieceeeceeeeee 15.31 gpd/ft2
Sludge Production
Daily Sludge Production ...........cccceevvenieniienneennen. 930 ppd
Effluent
BOD .o 0.87 mg/L
TS S e 0.0 mg/L
PhoSPhOTUS.....ccvvieiiieiiiciecieeeeeeee e 4.31 mg/L
AmmOonia N...oooooiiiiiiieiieieeeeeeeeeee 0.58 mg/L
TIN e 1.71 mg/L (assumed to be <8 mg/L, to be conservative)
PH e 6.53

8.2.2 Objective B
Process Description

The upgrade evaluated for achieving Objective B (TIN <3 mg/L) is to add methanol to the post-anoxic
tank to drive the denitrification process. Figure 8-2 shows the upgraded process flow schematic. Except
for the methanol storage tanks, the required facilities are same as the existing system.
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Figure 8-2. Process Schematic of MBR Plant Upgraded for Objective B Year-Round

The methanol dosage required to reduce TIN from 8 mg/L to 3 mg/L was calculated according to the
dosage calculations described for extended aeration plants in Section 4.2.2. Methanol storage tanks were
sized based on the methanol dosage required for the MMWWF. Table 8-4 summarizes the process design
data. Detailed Biowin model reports are in Appendix A.

Recycled Loads

Waste sludge will be thickened in a sludge thickener and digested in an aerobic digester. The percentage
of TN and TP returning from these sludge treatment processes was calculated using Biowin model
outputs. The upgrades to achieve Objective B year-round will not change the estimated recycle loads.
Sludge Production

Based on modeling for Objective B upgrades to CAS and extended aeration systems, it is assumed that
adding methanol will not change the sludge production compared to the existing plant.

Energy Consumption

Upgrading the MBR plant to achieve Objective B year-round would not change the plant energy
requirements, as shown in Table 8-5.

TABLE 8-5.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
MBR PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

Yearly Energy Required
Existing MBR Plant.........c.cccooceniinnns 1,213,800 kW-hours/year
Objective B Year-Round ....................... 1,213,800 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccceeeverienieneennne. 0 kW-hours/year
Percent .......cooevviiiiiiin 0%

Increase per Volume of Plant Flow ....... 0 kW-hours/MG
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Chemical Usage

The upgraded plant to achieve Objective B year-round would require 4,563 gallons of methanol per year
for carbon supplementation to drive the denitrification process, or 20 gallons of methanol per million
gallons of wastewater treated.

Footprint Requirements

Table 8-6 presents the additional site area that would be required for the three generic plant capacities.
The additional footprint required for plant upgrades to achieve Objective B would be for a new methanol
containment tank. Refer to detailed storage tank calculations in Appendix B.

TABLE 8-6.
ADDITIONAL FOOTPRINT REQUIRED FOR UPGRADING MBR PLANTS TO
ACHIEVE OBJECTIVE B YEAR-ROUND

Plant Design Capacity (mgd) Additional Area Required for Upgrade (square feet)
1 600
10 1,000
100 3,300

8.2.3 Objective C

Process Description

The upgrade evaluated to achieve Objective C (TP <1 mg/L) is to provide addition of alum and
magnesium hydroxide to the influent. Except for the addition of chemicals, the processes are the same as
for the existing plant. Alum and magnesium hydroxide storage tanks were sized for the dosage required
for MMWWEF. Figure 8-3 depicts the upgraded process flow schematic. Table 8-4 summarizes the process
design data. Detailed Biowin model reports are in Appendix A.
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Figure 8-3. Process Schematic of MBR Plant Upgraded for Objective C Year-Round
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Recycled Loads

Waste sludge will be thickened in a sludge thickener and digested in an acrobic digester. The percentage
of TN and TP returning from these sludge treatment processes was calculated using Biowin model
outputs. Table 8-7 summarizes the results.

TABLE 8-7.
NUTRIENT RECYCLING COMPARISON FOR MEMBRANE BIOLOGICAL REACTOR SYSTEMS,
OBJECTIVE C YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Existing Plant 15.0% 14.2% 29.7% 39.1%
Objective C Year-Round 16.3% 15.4% 47.3% 52.0%

Sludge Production

The average sludge produced with the Objective C upgrades would be 1,160 ppd (212 dry tons per year),
23 percent higher than the existing plant average of 940 ppd (172 dry tons per year).

Energy Consumption

Upgrading the MBR plant to achieve Objective C year-round would increase the plant energy
requirements by 6,500 kW-hours/year, or about 0.5 percent, as shown in Table 8-8. There would be a net
energy savings of 7,500 kW-hours/year associated with liquids treatment process and an additional energy
requirement for the operation of solids processes of 14,000 kW-hours/year. The net increase amounts to
about 29 kW-hours per million gallons of influent wastewater treated.

TABLE 8-8.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
MBR PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

Yearly Energy Required
Existing MBR Plant..........ccccoocveniennne. 1,213,800 kW-hours/year
Objective C Year-Round ....................... 1,220,800 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeieeeiiicnennens 6,500 kW-hours/year
Percent .......coooeeieiieniniiiccen <1%

Increase per Volume of Plant Flow ....... 29 kW-hours/MG

Chemical Usage

The upgraded plant to achieve Objective C year-round would require approximately 36,500 gallons of
alum per year to precipitate phosphorus and approximately 7,300 gallons of magnesium hydroxide for pH
control. These chemical usage rates equate to 159 gallons of alum per million gallons of wastewater
treated and 32 gallons of magnesium hydroxide per million gallons of wastewater treated.
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Footprint Requirements

Table 8-9 presents the additional site area that would be required for the three generic plant capacities.
The additional footprint required for plant upgrades to achieve Objective C would be for containment
tanks for alum and for magnesium hydroxide. Refer to detailed storage tank calculations in Appendix B.

TABLE 8-9.
ADDITIONAL FOOTPRINT REQUIRED FOR UPGRADING MBR PLANTS TO
ACHIEVE OBJECTIVE C YEAR-ROUND

Plant Design Capacity (mgd) Additional Area Required for Upgrade (square feet)
1 500
10 2,000
100 11,000

8.2.4 Objective D

Process Description

The upgrade evaluated to achieve Objective D (TP <0.1 mg/L) is to provide addition of alum and
magnesium hydroxide to the influent. Except for the addition of chemicals, the processes are the same as
for the existing plant. Alum storage tanks were sized for the dosage required for ADWF and magnesium
hydroxide storage tanks were sized for the dosage required for MMWWE. The process flow schematic is
the same as for Objective C (Figure 8-3). Table 8-4 summarizes the process design data. Detailed Biowin
model reports are in Appendix A.

Recycled Loads

Waste sludge will be thickened in a sludge thickener and digested in an aerobic digester. The percentage
of TN and TP returning from these sludge treatment processes was calculated using Biowin model
outputs. Table 8-10 summarizes the results.

TABLE 8-10.
NUTRIENT RECYCLING COMPARISON FOR MEMBRANE BIOLOGICAL REACTOR SYSTEMS,
OBJECTIVE D YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Existing Plant 15.0% 14.2% 29.7% 39.1%
Objective D 16.6% 15.5% 36.6% 48.2%

Sludge Production

The average sludge produced with the Objective D upgrades would be 1,240 ppd (226 dry tons per year),
32 percent higher than the existing plant average of 940 ppd (172 dry tons per year).
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Energy Consumption

Upgrading the MBR plant to achieve Objective D year-round would reduce the plant energy requirements
by 1,000 kW-hours/year, or <1 percent, as shown in Table 8-11. There would be a net energy savings of
10,000 kW-hours/year associated with liquids treatment process and an additional energy requirement for
the operation of solids processes of 9,000 kW-hours/year. The net decrease amounts to about 4 kW-hours
per million gallons of influent wastewater treated.

TABLE 8-11.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
MBR PLANT TO ACHIEVE OBJECTIVE D YEAR-ROUND

Yearly Energy Required
Existing MBR Plant..........c.ccooceniennnn. 1,213,800 kW-hours/year
Objective D Year-Round........................ 1,212,800 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccceeeeervienieniennenne. (1000) kW-hours/year
Percent .....oocoveeeviiiiii e, <1%

Increase per Volume of Plant Flow ....... (4) kW-hours/MG

Chemical Usage

The upgraded plant to achieve Objective D year-round would require approximately 54,750 gallons of
alum per year to precipitate phosphorus and approximately 14,600 gallons of magnesium hydroxide for
pH control. These chemical usage rates equate to 238 gallons of alum per million gallons of wastewater
treated and 63 gallons of magnesium hydroxide per million gallons of wastewater treated.

Footprint Requirements

Table 8-12 presents the additional site area that would be required for the three generic plant capacities.
The additional footprint required for plant upgrades to achieve Objective D would be for containment
tanks for alum and for magnesium hydroxide. Refer to detailed storage tank calculations in Appendix B.

TABLE 8-12.
ADDITIONAL FOOTPRINT REQUIRED FOR UPGRADING MBR PLANTS TO
ACHIEVE OBJECTIVE D YEAR-ROUND

Plant Design Capacity (mgd) Additional Area Required for Upgrade (square feet)
1 500
10 2,000
100 11,000

8.2.5 Objective E

Because the existing system already achieves the Objective E TIN target (<8 mg/L), year-round treatment
to achieve Objective E requires upgrade only to achieve the TP target (<1 mg/L) and is the same as the
upgrade for Objective C year-round treatment. The process flow schematic is the same as for Objective C
(Figure 8-3). Table 8-4 summarizes the process design data. Detailed Biowin model reports are in
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Appendix A. The process flow schematic, process design data, recycled loads, sludge production, energy
consumption, chemical usage and footprint requirements are all the same as for the year-round Objective
C upgrade, as described in Section 8.2.3.

8.2.6 Objective F

Process Description

Objective F (TIN <3 mg/L and TP <0.1 mg/L) can be achieved by adding methanol to reduce TIN and
adding alum and magnesium hydroxide to reduce TP. The process flow schematic for this alternative is
combination of the schematics for Objectives B and D. Table 8-4 summarizes the process design data.
Detailed Biowin model reports are in Appendix A.

Recycled Loads

Waste sludge will be thickened in a sludge thickener and digested in an aerobic digester. The percentage
of TN and TP returning from these sludge treatment processes was calculated using Biowin model
outputs. Table 8-13 summarizes the results.

TABLE 8-13.
NUTRIENT RECYCLING COMPARISON FOR MEMBRANE BIOLOGICAL REACTOR SYSTEMS,
OBJECTIVE F YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Existing Plant 15.0% 14.2% 29.7% 39.1%
Objective F Year-Round 16.6% 15.5% 36.6% 48.2%

Sludge Production

The average sludge produced with the Objective F upgrades would be 1,240 ppd (226 dry tons per year),
32 percent higher than the existing plant average of 940 ppd (172 dry tons per year).

Energy Consumption

Upgrading the MBR plant to achieve Objective F year-round would reduce the plant energy requirements
by 1,000 kW-hours/year, or <1 percent, as shown in Table 8-11. There would be a net energy savings of
10,000 kW-hours/year associated with liquids treatment process and an additional energy requirement for
the operation of solids processes of 9,000 kW-hours/year. The net decrease amounts to about 4 kW-hours
per million gallons of influent wastewater treated.

Chemical Usage

The upgraded plant to achieve Objective F year-round would require about 54,750 gallons of alum per
year to precipitate phosphorus, 14,600 gallons of magnesium hydroxide for pH control, and 4,562 gallons
of methanol per year for nitrogen reduction. These chemical usage rates equate to 238 gallons of alum per
million gallons of wastewater treated, 63 gallons of magnesium hydroxide per million gallons of
wastewater treated, and 20 gallons of methanol per million gallons of wastewater treated.
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TABLE 8-14.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
MBR PLANT TO ACHIEVE OBJECTIVE F YEAR-ROUND

Yearly Energy Required
Existing MBR Plant............cccoceniennnn. 1,213,800 kW-hours/year
Objective F Year-Round..........cccoenee. 1,212,800 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccceeeverienieniennnnne (1,000) kW-hours/year
Percent .....coccveeeviiiiiii <1%

Increase per Volume of Plant Flow ....... (4) kW-hours/MG

Footprint Requirements

Table 8-15 presents the additional site area that would be required for the three generic plant capacities.
The additional footprint required for plant upgrades to achieve Objective F would be for containment
tanks for alum, magnesium hydroxide and methanol. Refer to detailed storage tank calculations in
Appendix B.

TABLE 8-15.
ADDITIONAL FOOTPRINT REQUIRED FOR UPGRADING MBR PLANTS TO
ACHIEVE OBJECTIVE F YEAR-ROUND

Plant Design Capacity (mgd) Additional Area Required for Upgrade (square feet)
1 700
10 2,300
100 17,000

8.3 SEASONAL NUTRIENT REMOVAL

Improvements required to provide seasonal nutrient removal to achieve each treatment objective are
described below. Process design data for all objectives are included in Table 8-16, which is attached at the
end of this chapter.

8.3.1 Objective A

No upgrades are required to achieve Objective A (TIN <8 mg/L), as the existing system already meets the
effluent target for TIN. Operational changes should be performed if required to improve existing plant
performance. Because no upgrade is required, the process flow schematic, process design data, recycled
loads, sludge production, energy consumption, chemical usage and footprint requirements are all the same
as for the existing MBR plant.

8.3.2 Objective B

Process Description

The Objective B (TIN <3 mg/L) treatment processes for seasonal nutrient removal would be the same as
for year-round Objective B nutrient removal (add methanol to the post-anoxic tank to drive the

8-10





...8. TECHNOLOGICAL EVALUATION FOR MEMBRANE BIOLOGICAL REACTOR PLANTS

denitrification process) except that the capital facilities would be designed based on MMDWEF instead of
MMWWF and O&M costs will be based on ADWF instead of AWWEF. Refer to Section 8.2.2 for detailed
process description. Process design data are included in Table 8-16.

Recycled Loads

Seasonal treatment to achieve Objective B would not cause any change in recycled loads for an MBR
plant.

Sludge Production

Seasonal treatment to achieve Objective B would not cause any change in sludge production for an MBR
plant.

Energy Consumption

Seasonal treatment to achieve Objective B would not cause any change in energy consumption for an
MBR plant.

Chemical Usage

The upgraded plant to achieve Objective B year-round would require 3,650 gallons of methanol per year
for carbon supplementation to drive the denitrification process, or 16 gallons of methanol per million
gallons of wastewater treated.

Footprint Requirements
The additional footprint requirements for achieving Objective B seasonally would be the same as for
achieving this objective year-round.

8.3.3 Objective C
Process Description

The Objective C (TP <1 mg/L) treatment processes for seasonal nutrient removal would be the same as
for year-round Objective C nutrient removal (adding alum and magnesium hydroxide to reduce TP)
except that the capital facilities would be designed based on MMDWF instead of MMWWF and O&M
costs will be based on ADWF instead of AWWE. Refer to Section 8.2.3 for detailed process description.
Process design data are included in Table 8-16.

Recycled Loads

Waste sludge will be thickened in a sludge thickener and digested in an aerobic digester. The percentage
of TN and TP returning from these sludge treatment processes was calculated using Biowin model
outputs. Table 8-17 summarizes the results.

TABLE 8-17.
NUTRIENT RECYCLING COMPARISON FOR MEMBRANE BIOLOGICAL REACTOR SYSTEMS,
OBJECTIVE C SEASONAL NUTRIENT REMOVAL

% of TN Recycled (ADWF) % of TP Recycled (ADWF)
Existing Plant 14.2% 39.1%
Objective C, Seasonal 15.4% 52.0%
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Sludge Production

The average sludge produced with the Objective C seasonal upgrades would be 1,060 ppd (193 dry tons
per year), 13 percent higher than the existing plant average of 940 ppd (172 dry tons per year).

Energy Consumption

Upgrading the MBR plant to achieve Objective C seasonally would increase the plant energy
requirements by 2,000 kW-hours/year, or about <1%, as shown in Table 8-18. The annual energy
consumption for the upgraded plant would increase by about 9 kW-hours per million gallons of influent
wastewater treated.

TABLE 8-18.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
MBR PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

Yearly Energy Required
Existing MBR Plant..........ccccooveiiennne. 1,213,800 kW-hours/year
Objective C Seasonal.........cccceeverueennenne. 1,215,800 kW-hours/year
Energy Increase for Upgrade
Annual Quantity...........cceeeeeeierieniennnnnn. 2,000 kW-hours/year
Percent.......coooviiiiiiniiiiii <1%

Increase per Volume of Plant Flow ....... 9 kW-hours/MG

Chemical Usage

The upgraded plant to achieve Objective C seasonally would require chemical dosages during the dry
season of 115 gpd of alum to precipitate phosphorus and 20 gpd of magnesium hydroxide for pH control.
These rates equate to 20,990 gallons per year (91 gallons per million gallons of wastewater treated) of
alum and 3,650 gallons per year (16 gallons per million gallons of wastewater treated) of magnesium
hydroxide.

Footprint Requirements
The additional footprint requirements for achieving Objective C seasonally would be the same as for
achieving this objective year-round.

Objective D

Process Description

The Objective D (TP <0.1 mg/L) treatment processes for seasonal nutrient removal would be the same as
for year-round Objective D nutrient removal (adding alum and magnesium hydroxide to reduce TP)
except that the capital facilities would be designed based on MMDWF instead of MMWWF and O&M
costs will be based on ADWF instead of AWWF. Refer to Section 8.2.4 for detailed process description.
Process design data are included in Table §-16.

Recycled Loads

Waste sludge will be thickened in a sludge thickener and digested in an aerobic digester. The percentage
of TN and TP returning from these sludge treatment processes was calculated using Biowin model
outputs. Table 8-19 summarizes the results.
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TABLE 8-19.
NUTRIENT RECYCLING COMPARISON FOR MEMBRANE BIOLOGICAL REACTOR SYSTEMS,
OBJECTIVE D SEASONAL NUTRIENT REMOVAL

% of TN Recycled (ADWF) % of TP Recycled (ADWF)
Existing Plant 14.2% 39.1%
Objective D, Seasonal 15.5% 48.2%

Sludge Production

The average sludge produced with the Objective D seasonal upgrades would be 1,087 ppd (198 dry tons
per year), 16 percent higher than the existing plant average of 940 ppd (172 dry tons per year).

Energy Consumption

Upgrading the MBR plant to achieve Objective D seasonally would slightly decrease the plant energy
requirements as shown in Table 8-20. Although there would be a net decrease in energy requirements for
the plant as a whole, the energy requirements of the solids treatment process would increase 2,500 kW-
hour/year. The annual energy consumption for the upgraded plant would decrease by about 7 kW-hours
per million gallons of influent wastewater treated.

TABLE 8-20.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
MBR PLANT TO ACHIEVE OBJECTIVE D SEASONALLY

Yearly Energy Required
Existing MBR Plant..........c.ccooceeniennan. 1,213,800 kW-hours/year
Objective D Seasonal.........cccccceeurennenne. 1,212,300 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccceeeeerienieniennnene. (1,500) kW-hours/year
Percent .......cooeeviiniiiiiiiie <1%

Increase per Volume of Plant Flow ....... (7) kW-hours/MG

Chemical Usage

The upgraded plant to achieve Objective D seasonally would require chemical dosages during the dry
season of 150 gpd of alum to precipitate phosphorus and 30 gpd of magnesium hydroxide for pH control.
These rates equate to 27,380 gallons per year (119 gallons per million gallons of wastewater treated) of
alum and 5,475 gallons per year (24 gallons per million gallons of wastewater treated) of magnesium
hydroxide.

Footprint Requirements
The additional footprint requirements for achieving Objective D seasonally would be the same as for
achieving this objective year-round.

8.3.5 Objective E

Because the existing system already achieves the Objective E TIN target (<8 mg/L), seasonal treatment to
achieve Objective E requires upgrade only to achieve the TP target (<1 mg/L) and is the same as the
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upgrade for Objective C seasonal treatment. The process flow schematic, process design data, recycled
loads, sludge production, energy consumption, chemical usage and footprint requirements are all the same
as for the year-round Objective C upgrade, as described in Section 8.3.3. Process design data are included
in Table 8-16.

8.3.6 Objective F
Process Description

The Objective F (TIN <3 mg/L and TP <0.1 mg/L) treatment processes for seasonal nutrient removal
would be the same as for year-round Objective F nutrient removal (adding methanol to reduce TIN and
adding alum and magnesium hydroxide to reduce TP) except that the capital facilities would be designed
based on MMDWEF instead of MMWWF and O&M costs would be based on ADWF instead of AWWEF.
Process design data are included in Table §-16.

Recycled Loads

Waste sludge will be thickened in a sludge thickener and digested in an aerobic digester. The percentage
of TN and TP returning from these sludge treatment processes was calculated using Biowin model
outputs. Table 8-21 summarizes the results.

TABLE 8-21.
NUTRIENT RECYCLING COMPARISON FOR MEMBRANE BIOLOGICAL REACTOR SYSTEMS,
OBJECTIVE F SEASONAL NUTRIENT REMOVAL

% of TN Recycled (ADWF) % of TP Recycled (ADWF)
Existing Plant 14.2% 39.1%
Objective F, Seasonal 15.5% 48.2%

Sludge Production

The average sludge produced with the Objective F seasonal upgrades would be 1,087 ppd (198 dry tons
per year), 16 percent higher than the existing plant average of 940 ppd (172 dry tons per year).

Energy Consumption

Upgrading the 1-mgd modeled MBR plant to achieve Objective F year-round would reduce the plant
energy requirements by 1,500 kW-hours/year, or <1 percent, as shown in Table 8-22. There would be a
net energy savings of 4,000 kW-hours/year associated with liquids treatment process and an additional
energy requirement for the operation of solids processes of 2,500 kW-hours/year. The annual energy
consumption for the upgraded plant would decrease by about 7 kW-hours per million gallons of influent
wastewater treated.

Chemical Usage

The upgraded plant to achieve Objective F seasonally would require chemical dosages during the dry
season of 150 gpd of alum to precipitate phosphorus, 30 gpd of magnesium hydroxide for pH control and
10 gpd of methanol for nitrogen removal. These rates equate to 27,380 gallons per year (119 gallons per
million gallons of wastewater treated) of alum, 5,475 gallons per year (24 gallons per million gallons of
wastewater treated) of magnesium hydroxide, and 1,825 gallons per year (8 gallons per million gallons of
wastewater treated) of methanol.
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TABLE 8-22.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
MBR PLANT TO ACHIEVE OBJECTIVE F SEASONALLY

Yearly Energy Required
Existing MBR Plant............cccoceniennnn. 1,213,800 kW-hours/year
Objective F Seasonal .........c.ccceeveveennnee 1,212,300 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccceeeverienieniennnnne (1,500) kW-hours/year
Percent .....coccveeeviiiiiii <1%

Increase per Volume of Plant Flow ....... (7) kW-hours/MG

Footprint Requirements
The additional footprint requirements for achieving Objective F seasonally would be the same as for
achieving this objective year-round.

8-15










1102/2/9

S|X"Pa11EWIOS " 9T-8 PUE p-8 S3|qeL\TTOZ ARIA 140daY |euld\s1I0daI\d LMM [BAOWY JUBLIANN ADT TO060-ZSE0Z-SET\IAIIV\:S

S9'L S9°L  S9L  S9L S9'L A 87’11 8YIT S8Y'TL 8 TT | TE'ST TEST TEST TEST TEST 234/pd3 ‘Xn|4 duBIqUIBIA
v/8 vL8 [43:] 6€8 6€8 9/8 9/8 758 €58 €58 we we £€6 176 6 uiw/ 14 "91ey Ajdans Jiy
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7/3w ‘uonenuadU0) 0
851’8 8Sv'8 0798  66V'8 6678 || 5858 G858 6YP'8 8958 8958 [ veS'8 vES'® ETE'8  EEV'S €EV'8 /8w *3u0) SSTA
88'C 88'C 887 88T 88'C 6T 6T 6T 6T 6T || vrT vrT vrT vl T S1Y ‘LYH
0Z€9T 0Z€E9T 0TE'9T 0TE'9T 0ZE9T | ozE'9T 0ZE'9T 0CE'9T 0TEIT 0ZE9T |[0ZE9T 0ZE9T 0TE'9T 0TE'9T 0z€‘9T ¥ 9119558) 283 JO ealy
ot oY oY oY oY oY 084 oY oY oY oY oY oY oY ot S9119s5€D) JO "ON
900 900 900 900 900 900 900 900 900 900 | 900 900 900 900 900 DIAl ‘DWIN|oA JueL
4032D3.J01g UuDIqUIdIA|
01 ot [53 ST 0z 0z pd3 ‘joueyiaiy
9L'S 9L's  9L'S  9LS 9L'S v8'€ v8'E  ¥8E  ¥8€ v8'€ | 88C 887 887 887 88'C SIy ‘LYH
o TT0 TTo 20 (480} 450} TT0 IT0 20 o | zro ro Tro 70 o DIAl ‘DWnN|oA JueL
yun] d1xouy - 150d|
ov oY oy or oY ov oY ov ov o or ov or [o1% or a1ey 3pAaay [eusaiul
9L'S 9L's  9L'S  9L'S 9L's ¥8'€ v8'€E  ¥8E  ¥8E v8'€ | 88¢ 88'C 887 88T 88'C SIY “LYH
[4%0] 0 Tro TTo [4%0] [4%0] 0 Tro  TTo ro || zro Zr0 TI0 TTo [4%0] DIAl ‘DWIN|OA JueL
Jup] JIxouy - aid|
ST VST DST DST VST [[osT VST DST DST VST [ bST VST DST DST DST BEVESENESY]
7081 08T 06T TOET 10'€C || T0°8T T08T TO6T TO€EC T0'€T 8T 8T 6T  TO€C T0°€C shep ‘1ys uimolg
ovL 9yL  8vL  69L 69L 899 899 189  80L 80L 759 59 0.9 L69 169 UIW/€14 81e] MOJLIY Yue] UoneaY|
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 7/8w ‘uonesusduo) 0d
L60'S L60'S  S6T'S  €TT'S €21's | 991's 99T's  980°s  8ST'S 8ST'S || 8€T'S 8ET'S  000'S  €L0S €L0'S /8w *2u0) SSTA
8T'LT 8CLT 8TLT 8TLI 8TLT | zs1T TSTIT ST TSTT TSTIT || 798 v9'8  ¥9'8  ¥9'8 ¥9'8 SIy ‘LYH
9€0 960  9€0  9€0 9€°0 9€0 960 980  9€0 9€0 | 9€0 960 9€0  9€0 9€'0 OIAl ‘DWN|oA JueL
yun] uoilpJay
L L L L L 89 89 89 89 89 89 89 89 89 89 Hd
¥ 12 ¥ 12 12 89'C 89C 89T 89T 89C | 10C 10 10T 10T 10'C Anunjeyy
71T vIT YIT PIT A 9L 9L 9L 9L 9L LS LS LS LS LS dl]
8 8y 8 8y 8t 43 [43 43 43 43 T 74 T Z4 74 NMIL
€9¢ €9¢ €97 €9¢ €9¢ 9LT 9LT 9LT 9LT 9LT [433 [433 (433 434 (433 SSA
9LE 9/€ 9L 9LE 9LE 15¢C 15¢ 1S¢ 1ST 15¢C 881 88T 88T 88T 88T SSL
TEE T€E T€E  TEE TEE j144 j444 LA 44 12¢ S9T 59T S9T S9T S9T aosg
Juanifuj
ST ST ST ST ST ot 0t i} 0T 0t 0T i} 0T i} 0T J, dwal]
050 0S50 0S0  0S0 050 SL°0 S0 SL0  SLO SL°0 0T 0T 0T 0T 0T pSw ‘mol4 Juanjyuj
ainipiadwa) abpiany ‘azis Jupjd|
70> 1> 0>  TI> 70> 1> 0>  I> T0> 1> 0> 1> (1/3w) dL
€> 8> €> 8> €> 8> €> 8> €> 8> €> 8> (1/8w) NIL
S[POD [DAOWIAY JU3LIINN
4190 (0fq0 afao >-aflo @-fqo (Sunsixa jueldyaN| 4790 (0Tf90 afao Dalo @fqo (Sunsxa ueld | 4790 (0Tf90 afao dalo @fqo (Sunsixa 1ueld uondussag
Se awes) seawes) Sunsixy Se awes) Se awes) Se awes) Se awes)
3190 v_lao 3190 v_lao 390 v lqo
jue|d papesddn jue|d papesddn jue|d papes3dn
SMOT4 MAV - NOSY3S A¥A SMOT4 MMV - NOSY3S 13IM MM - NDIS3A $53D0Yd

TVYAOW3IY INIIYLNN ANNOY-YVIA 404 SLTNS3FY NIMOIF INVTd HO01OV3IHO0Id INVIEWNIN

7-8 319vL






1102/2/9

S|X"Pa11EWIOS " 9T-8 PUE p-8 S3|qeL\TTOZ ARIA 140daY |euld\s1I0daI\d LMM [BAOWY JUBLIANN ADT TO060-ZSE0Z-SET\IAIIV\:S

%C'8Y %87 %0TS %I'6E %1'6€ || %9°9€ %9'9E  %ELY %L'6T %L°6C || %9'9€ %9'9E  %C'SY  %TEC % €T paARY d1 %
€6'CC €6'CC SLYT T19'8T 1981 || T¥'LT LT 6v'TT ETVT ETYT | 6€LT 6€°LT 8Y'TC SO'TT SO'TT pdd ‘pappAaay snioydsoyd [ezoL
9T'€T 9T'ET  80'ST 6T'€ET 6T°€ET 6€'8 668 €E€T 86 8L'6 | s€s 8€'8 LTl  6EL 6€°L pdd ‘42159810 Wwoy 3|pAday snioydsoyd
LL'6 LL'6 196 TS ws 206 W06 6T6 SEV SEv || 106 106 8.8 99°¢€ 99°€ pdd “Jauaaiy L wouy apAdray snioydsoyd
%S'ST %S'ST  %Y'ST  %CvT %C YT || %991 %9'9T  %EIT  %0'ST %0°ST || %9°9T %9°9T  %T9T  %6'vT %6'7T papAdal NL [el0L
6°0C 7607 TL0CT 888T 88'8T | /LTt LL'TT  vTTT  9T0T 9z°0e || TL7CT TLT¢ S0TT  STOC ST°0C 19153810 wouy paphaal NL
10T TOT 800T SS6 G856 [450) TS0T  YEOT  LL6 LL'6 || L¥OT Ly'OT  8TOT 896 89'6 Jauaa1y) wiouy pajRAdR NL
62°00C 62°00C 62°00C 6700 62°00C | 62°00C 62°00C 62°00C 6700 62°002 | 62°00C 62°00¢ 67°00C 67°00C 62°00C Juanjjul Ul NL
1212C 1TTCC  TTC  LT'6IT LT'6TT ||90°€TT 90°€TT €S°TTC SS0TT S5°0Te || €tz €2C  YETTT wvoTT ¥°0CT INSS 4215381 d1q0Jae Ul N|
TETET TETEC BO'TET TL'BTT TL'8TC ||85°€EET 8S'EET L8'TET TEOET TE0ET |[LV'EET LY'EET TSTEC TTOET [4%0]74 INSS 42Uy} Ul NL
Sppo7 3[2A23Y|
89'9 899 TL9  S89 58’9 €99 €99 199 S99 599 | 159 159 €59 €579 €59 Hd
LTT (7T TTT  S0T 4 8€'C 8€C 1T S6'T S6T || STC ST S8T  TILT LT 1/8W ‘NIL
€0 €0 LTO  €T0 €20 980 980 790 SO S0 660 660 TL0 850 850 /3w ‘N eluowwy|
S0°0 S00 980 T8 [44] 100 100 SL0  ¥9'S ¥9's | 100 100 180 IEV €V /8w ‘snioydsoyd
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 /8w 'ssL
780 ¥80 TL0  TLO TL°0 L0T L0T 980 180 180 | 90T 90T 60 L8°0 L8°0 1/3w ‘aog
juaniffy
€ET'T €EC'T  08T'T  8€6 8€6 9rT'T WwTT OrI'T  TI¥6 6 | 8€Z'T 87T 6IT'T 06 0€6 pdd‘uonnpoud a3pnis Ajieq
uonanpo.d abpnjs
002 00C 00z 002 00 00¢ 00 00z 00¢ 00¢ | 00t 00C 00z 002 002 pds‘uonppe |oueyie N
S6T°0 S6T°0 8810 TLTO TLT0 | 8120 810 LIT0 T16T0 1610 || 6120 6120 TCT0  ¥6T0 ¥6T°0 (S'T =>) SSL 8/4u/%0 J0 1/8w “YNOS|
%85'ST %85S %86'VT %L TT %bLTT || %eL LT %TLLT %00°LT %0L'VT %0L Y2 ||%09°LT %09°'LT %00°LT %69'¥T %69'7C 9 UOIINIISIP SSA
€21 €71 6TT 10T 10T 91T 9Tt 91T 9Tt 9TT wi wi 9Tt 91T 91T I/ €14 91ed MojpIY 12159810
v6'L9 ¥6'L9 ELTL 9L98 9,98 | 1089 1089 9LTL 0898 0898 || 00'89 0089 SLTL ¥898 ¥8'98 shep @8y a3pn|s |e10]
667 66y TLTS  SL°€E9 SL'€9 || 00°0S 0005 SLTS 6L€9 6L°€9 | 0005 0005 SL'TS €8'€9 €8'€9 shep a8y a8pn|s 42159810
86T'T 86T'T S9T'T O0EST 0€ST | 00Z'T 00C'T 99TT TEST TEST [ o0z'T 00T 99T'T TEST TES'T 1y ‘BuilL 92udpIsaY dlnespAy
S0 ST0 STO0 SO Y40) S0 ST0 STO  STO Sz0 || sco S0 STO  STO S0 DIAl ‘DWN|oA
S9'T S¥9'T  £8S'T €6TT €6CT || 899'T 899'T GSS'T  €OET €0E'T | 6S9'T 6S9'T  6¢ST T8TT 4:1408 pdd ‘123s281g 03 Buipeoj [e3o ]
669 669 oL 119 LL9 8TL 87L L 569 569 62L 6cL T €69 €69 pdd‘123s981Q 03 Buipeo) SSA|
%06°€ %06'€  %COV %06°E %06°€ || %00t %007 %06'€ %00t %00t | %00 % %00t %06'€ %06°E %06'E 42153810 21q0J3Y 01 % SPI|OS PauIquIo)
%00°9 %009 %0T'9 %009 %009 || %019 %019 %009 %0T'9 %0T°9 || %01°9 %0T'9  %06'S %009 %009 JauddIYL WOl % Spljos
%¥8°0 %v80 %980 %V80 %¥80 || %580 %580 %¥80 %580 %580 | %580 %580 %EBO %080 %08°0 Jalylie]) Wouy % Spljos
gmummmmﬂ 21qoJ3ay|
00SvT 00S'¥T 00SVT 00SvT 00S‘vT 00S¥T 00SvT 00S'¥T 00SVT 7/baw “2u0) apixoIpAH wnisaude|n
0€ 0€ (014 0S 0s (014 0S 0S 14 pd3 ‘a8esoq apixopAH wnisause|y
0ST 0ST STT 0ST 0ST S8 0ST 0ST 08 pds ‘a8esoq wn|y|
uonIppy [p21Way)
4190 (0fq0 afao >-aflo @-fqo (Sunsixa jueldyaN| 4790 (0Tf90 afao Dalo @fqo (Sunsxa ueld | 4790 (0Tf90 afao dalo @fqo (Sunsixa 1ueld uondussag
Se awes) seawes) Sunsixy Se awes) Se awes) Se awes) Se awes)
3190 v_lao 3190 v_lao 390 v lqo
jue|d papesddn jue|d papesddn jue|d papes3dn
SMOT4 MAV - NOSY3S A¥A SMOT4 MMY - NOSY3S 13IM MM - NDIS3A $53D0Y8d

TVYAOW3IY INIIYLNN ANNOY-YVIA 404 SLTNS3FY NIMOIF INVTd HO01OV3IHO0Id INVIEWNIN
7-8 319vL






1102/2/9 S|X"Po11BWIOS 9T-8 PU p-8 53|qe\TTOT ABIAl Hoday [eulf\s110dai\d L MM [EAOWY IUSLINN AD3 TO060-ZSE0Z-SET\2AOV\:S
0€ 0€ (014 0g 0€ (014 pd3 ‘a8esoq apixoipAH wnisauseN
0ST 0ST STT 0ST 0ST STT pds ‘a8esoq wn|y|

uonippy [parwayd
S9°/ 59°/ S9°L S9'L S9°L T€'ST 1€'ST T€'ST 1€'ST TE'ST H/Pd3 XN|3 SUBIQUISIA
.8 .8 [433 68 68 0.6 0L6 ov6 £V6 €6 ulw/ 34 91y Ajddns iy
9 9 9 9 9 9 9 9 9 9 7/8w ‘uonesausduo) Oa
85t'8 85t'8 0798 6678 667'8 008 00v8 7.8 00v8 00t8 /3w “2u0) SSTIN
88'C 88'C 88'C 838'C 83'C 14 14 14 14 4 SIY ‘LYH
0zE9T 0TE9T  0ZE9T  0ZE9T 0TE9T 0zE9T 0zE9T 0zE9T 0zE9T 0zZE9T /4 '911855B) |des o ealy
(087 (087 ('R7 (047 (0R7 (0R7 (087 ('R7 (087 (047 $911955€) 4O "ON
90°0 900 90°0 900 90°0 900 900 90°0 90°0 90°0 DN ‘BWN|OA yue]
101202.401g 3UDIQUIIIA
0T 0T ST ST p/|e8 ‘loueyidaIN
9L°S 9L°S 9L'S 9L°S 9/L°S 12 14 ¥ 14 12 SIY ‘LYH
(40} (430} (4%} (430} (40} 430} (430} 710 (430} (40} DA ‘BWN|OA jue]
xtch U.EQE—\ - 150d
oY oY oY oY oY oY (012 oY (012 (012 d3ey 3[dAdaY |eusalu|
9L'S 9L°S 9L'S 9L°S 9L'S 12 14 ¥ 14 12 SIY ‘LYH
(430} (40} (4%} (40} (40} 710 (430} 710 710 (40} DN ‘BWn|OA yue|
xtch U.EQE—\ - dld
ST VST ST ST ST ST ST ST ST ST a1ey a|Aray Svy
20'8T 20'8T 20'6T 10°€C T0'€C 8T 8T 61 20°€T 20°€T shep ‘1S uinmolg
9vL 9vL 8vL 69L 69L 9€L 9¢L SvL 69L 69L UIW/€14 9184 MOJJIIY YUe] UOIIeIdY
4 4 T 4 4 z 4 z 4 4 /8w ‘uonesiuaduo) 0g
160°S 160°S S6T'S €TT's €TT's ¥90°S ¥90°s T9T°S ¥90°s ¥90°S /8w “2u0) SSTIN
8T'LT 8T'LT 8TLT 8T'LT 8TLT ST N4 ST N4 STt SIY ‘LYH
9€°0 9€°0 9€°0 9€°0 9€°0 9€°0 9€°0 9€°0 9€°0 9€°0 DA ‘BWn|OA yuel
Jup] uoilp.4ay|
L L L L L L L L L L Hd
¥ ¥ ¥ ¥ 17 06T 6T [{x4 6T 6T Ayurey vy
AN AN ran A ran €8 €8 €8 €8 €8 dl]
8t 8t 8h 8y 8t 13 S€ 13 S€ 3 N
€9¢ €9¢ €9¢ €9¢ €9¢ 16T 16T 16T 16T 16T SSA
9L€ 9L€ 9/€ 9L€ 9LE €12 €L2 €42 €42 €LT SSl|
T€€ T€€ T€€ T€€ T€€ 1874 ¥ 1874 1874 1874 aod
waniful
ST ST ST ST ST 01 0T 0T 0T 0T J, dual]
050 050 050 050 050 69°0 69°0 69°0 69°0 690 p3w ‘mol4 3uanju|
ainipiadwa] abpaany ‘azis jup|d|
10> 1> 10> 1> 10> 1> 10> 1> (1/8w) d1L
€> 8> €> 8> €> 8> €> 8> (1/3w) NIL
S|POD [pbAOWAY JUILIINN
1°190 (0°fgo alqo Odlo  g°fqo  (Sunsixa  jueld EN(¢To] (0o alqo 2-qlo 4190 (8unsixa  3ueld uondudsag
se awes) seawes) YgIN se awes) seawes)  Y¥dIA
390 v [qo__ Bunsix3 1°[90 v[go _ 8unsixg
1ue|d papesddn 1ue|d papesddn
SMO14 MAV - NOSYIS AYA MANI - NDISIA $53004d
IVAOINTY LNIIYLNN TYNOSY3IS Y04 SLTNSIY NIMOIFG LNV1d HO1OV3IHOIF INVHENIIN
| '9T-8 318VL






1102/2/9 S|X"P311BW.OS 9T-8 pue $-8 S3|qe\TTOT Ae|A Hoday |euld\sH0da.\d L MM |[EAOWY JUSLINN ADT TO060-CSEOT-SET\IAIIOV\:S

% 8y % 8y %0'CS  %T'6E %T'6€ %Y'8Y %Y'8Y %8°'9% %6°'8C %6°'8C Pa[oAIRY d1 %
€6CC €6CC SLYT 19'8T T9°'8T v0'€C ¥0'€C ST €LET €L'ET pdd ‘pajpAday snioydsoyd [e30]]
9T'€T 9T'€T 80°'ST 6T €T 6T €T YTET YTET 90°€T 8€'6 8€'6 pdd “491s981Q wouy 9|dA29Y snioydsoyd
LL'6 LL'6 196 w's w's 86 86 6T'6 SEY SEY pdd ‘“Jauadiy L wouy 3|dAday snioydsoyd
%S°ST %S°ST %Y'ST %YL %C YT %C9T %C9T %9°'ST %L YT %L YT pajoAIaY NL %
6°0C 6°0C 1L°0C 88'8T 88'8T v'ee ¥'ze V1T 90°0C 90°0¢ 1215981q wouy pajpAdal NL
10T 10T 80°0T S5'6 856 60°0T 60°0T 86 76 w76 Jauadd1y3 wouy pajaAdal N
67°00C 6C°00C  62°00C 62°00¢ 62°00¢ 62°00¢ 62°00C 62°00¢ 62°00C 62°00¢C JuaNju Ul NL
1T 1T 12¢ LT6TT LT'6TC 69°CCC 69°CCC Wt SE0CT SE0CT INSS 4215981p 21q0J3e Ul N1 [e10L
TETET T€'TEC  80'TET  TL'8TT L8ee 8L'TeT 8L'T€T vS'1€T 6L'67C 6L'62¢ INSS JauaX21y3 Ul NL [e10]]
sppo7 3j2A23yY
89'9 89'9 TL9 689 589 759 ¥S'9 L9 [x) [x) Hd
12¢ 12¢ 1T¢ S0 S0 S8'T S8'T LT 99'T 99T /8w ‘NI
€0 €0 LT0 €20 €20 9¢€0 9¢'0 970 920 970 1/8w ‘N eluowwy
500 500 980 ws s 900 900 780 8T'9 8T'9 1/3w ‘snosoydsoyd
00 00 00 00 00 00 00 00 00 00 7/8w ‘sS1L
¥8°0 ¥8°0 Lo TL°0 TL0 830 88°0 9.0 9.0 9.0 1/3w ‘qog
wanyff3
€€T'T €€T'T 08T'1 8€6 8€6 8€7'T 8€7'T LLTT 9¢6 9¢6 pdd ‘uoranpoud aspn|s Ajleq
uoranpoad abpnjs
0°0¢ 0°0¢ 002 0°0¢ 0°0¢ 0°0¢ 00¢ 0°0¢ 00T 00T pds ‘uonippe joueyiNl
S6T°0 S6T°0 8810 TLT0 TLT0 L6T°0 L6T°0 0610 uUto 2UT0 (8T =>) 51 8/4y/%0 0 1/3w “YNOS
%85°ST %8S'ST  %B6VT  %WL'TT %YL TT %L9°ST %L9°'ST %ELTT %EL'TT %ELTT 9% UOI30NJ3SAP SSA
4 4 61T 10T 10T 749 Y49 0zt 20T 40} UlW/€14 9184 MOJIIY J315981Q
¥6'£9 ¥6'£9 €LTL 9498 9/'98 00°'89 00'89 SLTL 1898 1898 shep 28y 23pn|s |e30L
6'6h 667 1L°CS GL'€9 GL°€9 0005 00°0S GL°TS 61°€9 61°€9 shep ‘a8y a3pn|s 493s931Q
86T°T 86T°T 59T 0€S‘T 0£S‘T 002'T 002'T 997'T T€ST TEST sS4y ‘Bl ddudpIsay dlnespAH
ST0 ST0 ST0 ST0 ST0 ST0 ST0 ST0 ST0 ST0 OIN ‘DWn|OA
SY9'T SY9'T [8ST €6C7°T €6C°T €59T €59T 8LS'T 6LT'T 6LT'T pdd ‘1335881 01 Buipeoj |eyo]|
669 669 0L 119 119 90L 90L 10L 9/9 9/9 pdd ‘4235931Q 03 Buipeo| SSA|
%06'€ %06°€ %07 %06'€ %06'€E %00 %00't %00’ %06'€ %06'€ 13153310 219043V 01 % SPI|OS paulqwo)
%009 %00°9 %0T'9 %009 %00°9 %00°9 %00°9 %0T°9 %00°9 %00°9 J3UIIYL WOIY % SPI|OS
%380 %80 %98'0  %¥80 %780 %S8°0 %580 %58°0 %80 %t8°0 Jallie|y wouy % spl|os
12153b1Q 21qo.ay|
00S7T 00SYT  00S¥T 7/baw “2u0) apIx0IpAH wnisause Al
1190 (0°fao alqo Odlo  g°fqo  (Sunsixa  jueld EN(¢To] (0 °fao alqo 2-qlo 4°190 (Sunsixa  jueld uondudsag
se awes) seawes) YgIN se awes) seawes)  Y¥dIA
390 v [qo__ Bunsix3 1°[90 v[go _ 8unsixg
1ue|d papesddn 1ue|d papesddn
SMOT4 MAV - NOSY3IS AYa MAWI - NDISIA SSID0Yd
TVAONIY LNIIYLNN T¥NOSY3IS 404 S1TNSIY NIMOIG LNV1d HO1OVIHOId INVYGINIIN
| '9T-8 318VL






CHAPTER 9.
TECHNOLOGICAL EVALUATION FOR HIGH-PURITY OXYGEN
ACTIVATED SLUDGE PLANTS

9.1 BASE CASE/EXISTING SYSTEM

As there are few high-purity oxygen activated sludge (HPO) treatment plants in Washington, a base case
model was developed based on process design data for the West Point Treatment Plant, which has a
MMWWEF of 215 mgd. The plant has six treatment trains, with a total mixed liquor tankage volume of
14.1 MG. Each train has four mixed liquor tank; under normal operating conditions the plant is operated
contact sludge reoxygenation process where three tanks are operated in series as an oxygenated plug
flow contact reactor with the fourth tank used for re-oxygenation of return activated sludge. The design
recycle ratio for the plant is 0.3Q.

For a 1.0-mgd plant, the total mixed liquor tank volume would be 0.066 MG. Figure 9-1 depicts the
process flow schematic for a 1.0-mgd HPO plant with anaerobic digestion for solids treatment. The
system uses a series of well-mixed reactors employing concurrent gas-liquid contact in covered
oxygenated mixed liquor tanks. Oxygenation Tanks 1, 2 and 3 operate in series (75 percent contact) as
plug flow reactors and oxygenation Tank 4 is operated in line with the secondary clarifier. RAS from the
clarifier is conveyed to sludge re-oxygenation tank(i.e. Tank 4) to partially stabilize the biological solids
prior to combining the RAS with the primary clarifier effluent in oxygenation Tank 1. . The DO
concentration in the mixed liquor oxygenation tanks is maintained at 7.0 mg/L. Table 9-1 summarizes the
process design data for the 1.0-mgd base case HPO activated sludge treatment plant.

Influent ) . Aerotion#1  Aemfion #2 Aeration #3 Clariifer Effluent
p Frimary Clarifiar

e Ty - da
Il T R T

Agration #4

Dewatering Unit
I
i _._ﬂgj
T TWAS
Anacrobic cigector Lhgector Eftluced

e s

)

-

Cxcess Primany Sludge
Frirux Shinlge

Figure 9-1. Process Flow Schematic for an Existing HPO Plant





TABLE 9-1.
BASE CASE/EXISTING SYSTEM FOR HPO ACTIVATED
SLUDGE PLANT

Biowin Input FIOW........cccooivviiiiiiiiiiiiieie, 1.0 mgd
TemMPErature.........ccceevveereeeieeieeie e 10°C

Aeration Tank

NO O StAZES c.vvveeiieiieieeeeeee e 4

Mode of Operation ..........cccccevereeeerieneneeneeneene 75%/25%

Total Oxygen Supply.....ccceeevererieieeneneeeeene 52 cfm

SRT ..ttt 1.5 days

RAS Recycle Rate .......cccoecveeiieciiniiiiiiieeieee 0.3Q

Stage #1

(0515 14 o) | SRS ML Oxygenation
VOIUME ... 0.017 MG

HRT oo 0.40 hours
MLSS Concentration...........oceeeveveereeneeneeennennn. 1,142 mg/L
(0):47:05 1IN] 113) 01 SRS 16.1 cfm

Stage #2

(0515 14 o) 1 SRS ML Oxygenation
VOIUME ... 0.017 MG

HRT oot 0.40 hours
MLSS Concentration ...........ccceeeveeeereeseeneenneenn 1,151 mg/L
OXYZEN SUPPLY cevieerieiiieiiieieeieeee ettt 8.26 cfim

Stage #3

(0515 15 Te) 1 F USRS ML Oxygenation
VOIUME ..t 0.017 MG

HRT oo 0.40 hours
MLSS Concentration...........ccceeeveveeeeereeneeenneenn. 1,153 mg/L
OXygen SUPPLY c.ceeveeeeriiiieieceeeeee 6.5 cfm

Stage #4

(0515 15T} 1 USSR ML Oxygenation
VOIUME ..t 0.017 MG

HRT oo 0.40 hours
MLSS Concentration ..........ceceecveeeeeeeervvesvennenne 4,899 mg/L
OXygen SUPPLY c.eeeveveeiieieieeeeeeeee 21 cfm

DO Concentration..........cccceeeveeeveeieeieseeneennnnn 7 mg/L

Sludge Production

Total Sludge Produced .........cccoocevieieiiniiinnne 932 ppd
Effluent

BOD...oooieeeeee e 14.83 mg/L

TS e 18.8 mg/L
PhoSphOTous ....c.eeevieiieiicieceee e 4.26 mg/L
Ammonia N ..o 15.95 mg/L

TIN e e s 19.61 mg/L

PH o 6.45
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...17. COST EVALUATION, OBJECTIVE F

9.2 YEAR-ROUND NUTRIENT REMOVAL

Improvements required to provide year-round nutrient removal to achieve Objectives A and B are
described below. The other treatment objectives were not evaluated for the HPO plant model. Process
design data for year-round treatment to achieve these two objectives are included in Table 9-2, which is
attached at the end of this chapter.

9.2.1 Objective A
Process Description

The upgrade evaluated for achieving Objective A (TIN <8 mg/L) included converting the existing HPO
system to an oxygen activated MLE process coupled with a MBR (MLE-MBR). The upgraded system
would consist of a 0.12-MG anoxic tank for denitrification, followed by three 0.04-MG aeration tanks in
series for nitrification. The existing clarifier would be replaced with a 0.02-MG MBR tank. The existing
mix liquor tank volume of 0.066 MG would be increased to 0.26 MG; this represents approximately a
300% increase in tankage that would need to be constructed.

The SRT of the upgraded system would be 16.3 days. Magnesium hydroxide would be added to the
influent to maintain pH in the effluent at or above 6.5. Figure 9-2 shows the upgraded process flow
schematic. Table 9-2 summarizes process design data. Detailed Biowin model reports are in Appendix A.
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Figure 9-2. Process Schematic of HPO Plant Upgraded for Objective A Year-Round

Recycled Loads

The percentage of TN and TP returning from the sludge treatment processes was calculated using Biowin
model outputs. Table 9-3 summarizes the results.
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TABLE 9-3.
NUTRIENT RECYCLING COMPARISON FOR HIGH-PURITY OXYGEN ACTIVATED SLUDGE
SYSTEMS, OBJECTIVE A YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWEF ADWF AWWEF ADWF
Existing Plant 27.4% 28.1% 45.6% 50.2%
Objective A Year-Round 16.9% 16.1% 30.4% 31.1%

Sludge Production

The quantity sludge produced with the Objective A upgrades would be 938 ppd (171 dry tons per year),
1.6 percent higher than the existing plant average of 923 ppd (168 dry tons per year).

Energy Consumption

Upgrading a 20 mgd (MM) HPO plant to achieve Objective A year-round would increase the plant energy
requirements by 2,726,991 kW-hours/year, or about 63 percent, as shown in Table 9-4. None of this
increase in energy demand would be attributable to the operation of solids processes associated with
achieving Objective A. The annual energy consumption for the upgraded plant would increase by about
598 kW-hours per million gallons of influent wastewater treated.

TABLE 9-4.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING HPO
PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND

Yearly Energy Required
Existing HPO Plant........ccccooceevveniiennnne 5,080,000 kW-hours/year
Objective A Year-Round....................... 7,807,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........ccceeeeeeiieiieiciennenne 2,727,000 kW-hours/year
Percent .....ccoveeeeiiiieiie 54%

Increase per Volume of Plant Flow ....... 598 kW-hours/MG

Chemical Usage

The upgraded plant to achieve Objective A year-round would require approximately 18,250 gallons of
magnesium hydroxide per year for pH control. This equates to 79 gallons of magnesium hydroxide per
million gallons of wastewater treated.

Footprint Requirements

Table 9-5 presents the additional site area that would be required for the two generic plant capacities. The
additional footprint required for plant upgrades to achieve Objective A would be for containment tanks
for magnesium hydroxide. Refer to detailed storage tank calculations in Appendix B.
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...17. COST EVALUATION, OBJECTIVE F

TABLE 9-5.
ADDITIONAL FOOTPRINT REQUIRED FOR UPGRADING HPO PLANTS TO
ACHIEVE OBJECTIVE A YEAR-ROUND

Plant Design Capacity (mgd)

Additional Area Required for Upgrade (square feet)

20
220

50,000
473,000

9.2.2 Objective B

Process Description

The upgrade evaluated for achieving Objective B (TIN <3 mg/L) is to convert the HPO system to a
oxygen activated sludge system using a 4BDP-MBR process. The upgraded system would consist of a
0.12-MG anoxic tank for denitrification, followed by three 0.04-MG aeration tanks in series for

nitrification and a 0.1-MG post-anoxic tank

for post-denitrification. The existing clarifier would be

replaced with a 0.02-MG MBR. The existing mixed liquor oxygenation tank volume of 0.066 MG would
be increased to 0.36 MG; this represents approximately a 450% increase in the mixed-liquor tankage

relative to the existing plant.

The SRT of the upgraded system would be 22.15 days. Magnesium hydroxide would be added to the
influent to maintain pH in the effluent at or above 6.5. Methanol would be added to the post-anoxic tank

to drive the denitrification process. Figure 9-

3 shows the upgraded process flow schematic. Table 9-2

summarizes process design data. Detailed Biowin model reports are in Appendix A.
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Figure 9-3. Process Schematic of HPO Plant Upgraded for Objective B Year-Round
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Recycled Loads

The percentage of TN and TP returning from the sludge treatment processes was calculated using Biowin
model outputs. Table 9-6 summarizes the results.

TABLE 9-6.
NUTRIENT RECYCLING COMPARISON FOR HIGH-PURITY OXYGEN ACTIVATED SLUDGE
SYSTEMS, OBJECTIVE B YEAR-ROUND NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Existing Plant 27.4% 28.1% 45.6% 50.2%
Objective B Year-Round 16.3% 15.6% 51.6% 47.2%

Sludge Production

The average sludge produced with the Objective B upgrades would be 971 ppd (177 dry tons per year),
5.2 percent higher than the existing plant average of 923 ppd (168 dry tons per year).

Energy Consumption

Upgrading the HPO plant to achieve Objective B year-round would increase the 20 mgd-plant energy
requirements by 6,637,000 kW-hours/year, or about 133 percent, as shown in Table 9-7. None of this
increase in energy would be attributable to the operation of solids processes associated with achieving
Objective B. The annual energy consumption for the upgraded plant would increase by about 1,455 kW-
hours per million gallons of influent wastewater treated.

TABLE 9-7.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING HPO
PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

Yearly Energy Required
Existing HPO Plant..........ccooceevveniennne. 5,080,000 kW-hours/year
Objective B Year-Round ...........cc.ee. 11,717,000.kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccceeeeveireiiniennens 6,637,000 kW-hours/year
Percent ......coeveviiieicnininccc 133%

Increase per Volume of Plant Flow ....... 1,455 kW-hours/ MG

Chemical Usage

The upgraded plant to achieve Objective B year-round would require approximately 5,475 gallons of
methanol per year for nitrogen removal and 14,600 gallons of magnesium hydroxide per year for pH
control. This equates to 24 gallons of methanol and 63 gallons of magnesium hydroxide per million
gallons of wastewater treated.
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...17. COST EVALUATION, OBJECTIVE F

Footprint Requirements

Table 9-8 presents the additional site area that would be required for the two generic plant capacities. The
additional footprint required for plant upgrades to achieve Objective B would be for containment tanks
for methanol and magnesium hydroxide. Refer to detailed storage tank calculations in Appendix B.

TABLE 9-8.
ADDITIONAL FOOTPRINT REQUIRED FOR UPGRADING HPO PLANTS TO
ACHIEVE OBJECTIVE B YEAR-ROUND

Plant Design Capacity (mgd) Additional Area Required for Upgrade (square feet)
20 114,100
220 1,161,700

9.3 SEASONAL NUTRIENT REMOVAL

Improvements required to provide seasonal nutrient removal to achieve Objectives A and B are described
below. Process design data for the two objectives are included in Table 9-9, which is attached at the end
of this chapter.

9.3.1 Objective A
Process Description

The upgrade evaluated for achieving seasonal treatment for Objective A (TIN <8 mg/L) seasonally is to
convert the HPO system to an oxygen activated sludge system using the MLE process using the existing
clarifiers. The mix liquor tankage would be the same as that described for the year around system to
achieve objective A. The SRT of the upgraded system would be 13.5 days. Magnesium hydroxide would
be added to the influent to maintain the pH in the effluent at or above 6.5. Figure 9-4 shows the upgraded
process flow schematic. Table 9-9 summarizes the process design data. Detailed Biowin model reports are
in Appendix A.

Recycled Loads

The percentage of TN and TP returning from the sludge treatment processes was calculated using Biowin
model outputs. Table 9-10 summarizes the results.

Sludge Production

The annual average sludge produced with the Objective A seasonal upgrades would be 912 ppd (166 dry
tons per year), 1 percent less than the existing plant average of 922 ppd (168 dry tons per year).

Energy Consumption

Upgrading the HPO plant to achieve Objective A seasonally would increase the plant energy requirements
by 210,000 kW-hours/year, or about 4 percent, as shown in Table 9-11. The annual energy consumption
for the upgraded plant would increase only 46 kW-hours per million gallons of influent wastewater
treated. By comparison the energy required to achieve Objective A on a seasonal basis would be about 8
percent of the incremental energy requirements to achieve Objective A year around.
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Figure 9-4. Process Schematic of HPO Plant Upgraded for Objective A Seasonal

TABLE 9-10.
NUTRIENT RECYCLING COMPARISON FOR HIGH-PURITY OXYGEN ACTIVATED SLUDGE
SYSTEMS, OBJECTIVE A SEASONAL NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
ADWF ADWF
Existing Plant 28.1% 50.2%
Objective A, Seasonal 16.6% 38.4%
TABLE 9-11.

ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING HPO
PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

Yearly Energy Required

Existing HPO Plant.........c.ccccoevvveirennenne. 5,080,000 kW-hours/year

Objective A Seasonal..........ccecverueennenne. 5,290,000 kW-hours/year
Energy Increase for Upgrade

Annual Quantity...........cceeevveeireeiiecniennnns 210,000 kW-hours/year

Percent .....cccveeeeiiiiiiee 4%

Increase per Volume of Plant Flow ....... 46 kW-hours/MG

Chemical Usage

The upgraded plant to achieve Objective A seasonally would require chemical dosages during the dry
season of 70 gpd of magnesium hydroxide for pH control. This equates to 12,775 gallons of magnesium
hydroxide per year (56 gallons per million gallons of wastewater treated).
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...17. COST EVALUATION, OBJECTIVE F

Footprint Requirements

Table 9-12 presents the additional site area that would be required for the two generic plant capacities.
The additional footprint required for plant upgrades to achieve Objective A would be for containment
tanks for magnesium hydroxide. Refer to detailed storage tank calculations in Appendix B.

TABLE 9-12.
ADDITIONAL FOOTPRINT REQUIRED FOR UPGRADING HPO PLANTS TO
ACHIEVE OBJECTIVE A SEASONALLY

Plant Design Capacity (mgd) Additional Area Required for Upgrade (square feet)
20 88,900
220 971,400

9.3.2 Objective B

Process Description

The upgrade evaluated for achieving seasonal treatment for Objective B (TIN <3 mg/L) seasonally is to
convert the HPO system to an oxygen activated sludge system using 4BDP using the existing clarifiers.
An additional 0.224 MG of mixed liquor tankage would need to be constructed per mgd of maximum
month plant capacity. The SRT of the upgraded system would be 13.5 days. Magnesium hydroxide would
be added to the influent to maintain the pH in the effluent at or above 6.5. Methanol would be added as a
carbon source to the post-anoxic tank to drive the denitrification process. Figure 9-5 shows the upgraded
process flow schematic. Table 9-9 summarizes the process design data. Detailed Biowin model reports are
in Appendix A.
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Figure 9-5. Process Schematic of HPO Plant Upgraded for Objective B Seasonal

Recycled Loads

The percentage of TN and TP returning from the sludge treatment processes was calculated using Biowin
model outputs. Table 9-13 summarizes the results.
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TABLE 9-13.
NUTRIENT RECYCLING COMPARISON FOR HIGH-PURITY OXYGEN ACTIVATED SLUDGE
SYSTEMS, OBJECTIVE B SEASONAL NUTRIENT REMOVAL

% of TN Recycled % of TP Recycled
ADWF ADWF
Existing Plant 28.1% 50.2%
Objective B 17.2% 50.1%

Sludge Production

The annual average sludge produced with the Objective B seasonal upgrades would be 918 ppd (168 dry
tons per year), a negligible difference from the existing plant average of 922 ppd (168 dry tons per year).

Energy Consumption

Upgrading the HPO plant to achieve Objective B seasonally would increase the plant energy requirements
by 1,425,000 kW-hours/year, or about 28 percent, as shown in Table 9-14. The annual energy
consumption for the upgraded plant would increase by about 312 kW-hours per million gallons of influent
wastewater treated. By comparison the energy required to achieve Objective B on a seasonal basis would
be about 21 percent of the incremental energy requirements to achieve Objective B year around.

TABLE 9-14.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING HPO
PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

Yearly Energy Required
Existing HPO Plant........ccccooceeveenirenne 5.080,000 kW-hours/year
Objective B Seasonal............ccceerurennenne. 11,717,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity........cccceeeveveevienerrennnnn. 1,425,000 kW-hours/year
Percent .....cooveeeeiiiiiii, 28%

Increase per Volume of Plant Flow ....... 312 kW-hours/MG

Chemical Usage

The upgraded plant to achieve Objective B seasonally would require chemical dosages during the dry
season of 60 gpd of magnesium hydroxide for pH control and 10 gpd of methanol for nitrogen reduction.
This equates to 10,950 gallons of magnesium hydroxide per year (48 gallons per million gallons of
wastewater treated) and 1,825 gallons of methanol per year (8 gallons per million gallons of wastewater
treated)

Footprint Requirements

Table 9-15 presents the additional site area that would be required for the two generic plant capacities.
The additional footprint required for plant upgrades to achieve Objective B would be for containment
tanks for methanol and magnesium hydroxide. Refer to detailed storage tank calculations in Appendix B.
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TABLE 9-15.
ADDITIONAL FOOTPRINT REQUIRED FOR UPGRADING HPO PLANTS TO
ACHIEVE OBJECTIVE B SEASONALLY

Plant Design Capacity (mgd) Additional Area Required for Upgrade (square feet)
20 149,000
220 1,624,800
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TABLE 9-2.
HIGH PURITY OXYGEN PLANTS BIOWIN RESULTS FOR YEAR-ROUND NUTRIENT REMOVAL
PROCESS DESIGN - MMWW WET SEASON - AWW FLOWS DRY SEASON - ADW FLOWS
Existing Upgraded Plant Existing Upgraded Plant Existing Upgraded Plant
Description HPO Plant Obj. A Obj. B HPO Plant Obj. A Obj. B HPO Plant Obj. A Obj. B
Nutrient Removal Goals
TIN (mg/L) <8 <3 <8 <3 <8 <3
TP (mg/L) — — — — — —
Plant Size, Average Temperature
Influent Flow, mgd 1.0 1.0 1.0 0.75 0.75 0.75 0.5 0.5 0.75
Temp, °C 10 10 10 10 10 10 15 15 10
Influent
BOD 165 165 165 221 221 221 331 331 331
TSS 188 188 188 251 251 251 376 376 376
AN 132 132 132 176 176 176 263 263 263
TKN 24 24 24 32 32 32 48 48 48
TP 5.7 5.7 5.7 7.6 7.6 7.6 11.4 11.4 11.4
Alkalinity 2.01 2.01 2.01 2.68 2.68 2.68 4 4 4
pH 6.8 6.8 6.8 6.8 6.8 6.8 7 7 7
Aeration Tank
No of Stages 4 4 4 4 4 4 4 4 4
Mode of Operation 75% / 25% Complete Mix Complete Mix || 75% / 25% Complete Mix Complete Mix || 75% / 25% Complete Mix Complete Mix
Stage #1
Operation Aeration Anoxic Anoxic Aeration Anoxic Anoxic Aeration Anoxic Anoxic
Volume 0.017 0.12 0.12 0.02 0.12 0.12 0.02 0.12 0.12
HRT 0.40 2.88 2.88 0.53 3.84 3.84 0.79 5.76 3.84
MLSS 1,142 4,216 4,539 1,262 4,254 4,413 1,301 4,093 4,193
Oxygen Supply, t2/min 16.1 16.1 21.9
Stage #2
Operation Aeration Aeration Aeration Aeration Aeration Aeration Aeration Aeration Aeration
Volume 0.017 0.04 0.04 0.017 0.04 0.04 0.017 0.04 0.04
HRT 0.40 0.96 0.96 0.53 1.28 1.28 0.79 1.92 1.28
MLSS 1,151 4,215 4,539 1,272 4,252 4,414 1,311 4,090 4,194
Oxygen Supply, t/min 8.26 66.21 54.00 8.26 60.03 56.00 11.63 71.00 66.00
Stage #3
Operation Aeration Aeration Aeration Aeration Aeration Aeration Aeration Aeration Aeration
Volume 0.017 0.04 0.04 0.017 0.04 0.04 0.017 0.04 0.04
HRT 0.40 0.96 0.96 0.53 1.28 1.28 0.79 1.92 1.28
MLSS 1,153 4,214 4,063 1,273 4,250 4,413 1,308 4,087 4,193
Oxygen Supply, t2/min 6.5 29.2 25.5 6.5 31.1 26.0 7.9 42.0 37.0
Stage #4
Operation Aeration Aeration Aeration Aeration Aeration Aeration Aeration Aeration Aeration
Volume 0.017 0.04 0.04 0.017 0.04 0.04 0.017 0.04 0.04
HRT 0.40 0.96 0.96 0.53 1.28 1.28 0.79 1.92 1.28
MLSS 4,899 4,212 4,061 5,415 4,248 4,413 5,540 4,084 4,193
| Oxygen Supply, £t /min 21 27.4 23.5 20.7 29.0 24.0 31.0 34.0 31.4
Total Oxygen Supply, ft3/min 52 123 103 52 120 106 72 147 134
DO Concentration, mg/L 7 7 7 7 7 7 7 7 7
BioWin SRT, days 1.5 16.28 22.15 1.5 16.29 22.19 1.5 16.31 22.15
RAS Recyle Rate 0.3Q 1Q 1Q 0.3Q 1Q 1Q 0.3Q 1Q 1Q
Preanoxic Internal Recycle Rate 4Q 4Q 4Q 4Q 4Q 4Q
Post - Anoxic Tank
Tank Volume, MG 0.10 0.10 0.10
HRT, hrs 2.40 3.20 3.20
Methanol, gpd 20 15 15

S:\Active\135-20352-09001 ECY Nutrient Removal WWTP\reports\Final Report May 2011\Tables 9-2 and 9-9_formatted.xIs

6/2/2011






HIGH PURITY OXYGEN PLANTS BIOWIN RESULTS FOR YEAR-ROUND NUTRIENT REMOVAL

TABLE 9-2.

PROCESS DESIGN - MMWW WET SEASON - AWW FLOWS DRY SEASON - ADW FLOWS

Existing Upgraded Plant Existing Upgraded Plant Existing Upgraded Plant
Description HPO Plant Obj. A Obj. B HPO Plant Obj. A Obj. B HPO Plant Obj. A Obj. B
Clarifier
Area, ft? 1,000 1,000 1,000
Surface Overflow Rate, gal/ft’ 1,000 750 500
Membrane Bioreactor
Tank Volume, MG 0.02 0.02 0.02 0.02 0.02 0.02
No. of Cassettes 4.0 4.0 4.0 4.0 4.0 4.0
Area of each Cassette, ft? 16,320 16,320 16,320 16,320 16,320 16,320
HRT, hrs 0.48 0.48 0.64 0.64 0.96 0.64
MLSS Conc., mg/L 8,416 9,073 8,485 8,795 8,151 8,347
DO Concentration, mg/L 6 6 6 6 6 6
Air Supbly Rate, ft*/min 415 668 420 606 390 546
Membrane Flux, gpd/ft2 15.31 15.31 11.48 11.48 7.65 7.65
Tank Volumes
Total Tankage Volume, MG 0.066 0.260 0.360 0.066 0.260 0.260 0.066 0.260 0.360
Total Additional Volume, MG 0.194 0.294 0.194 0.194 0.194 0.294
Available onsite volume, MG 0.130 0.130 0.130 0.130 0.130 0.130
Additional Volume needed, MG 0.064 0.164 0.064 0.064 0.064 0.164
Chemical Addition
Magnesium Hydroxide Dosage, gpd 65 50 50 40
Magnesium Hydroxide Conc., meq/L 14,500 14,500 14,500 14,500
Anaerobic Digester
TSS wasted from Aerobic Tank, ppd 765 597 643 845 602 624 865 578 580
Total loading to Digester, ppd 1,891 1,729 1,779 1,974 1,733 1,757 1,989 1,703 1,712
Volume, MG 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Hydraulic Residence Time, hrs 19.7 19.9 19.9 26.1 26.4 26.4 39.1 39.4 26.4
Sludge Production
Total Sludge Produced, ppd 932 984 1,005 938 959 973 907 916 969
Effluent
BOD, mg/L 14.83 0.86 0.87 10.13 0.86 0.83 6.23 0.86 0.75
TSS, mg/L 18.8 0.0 0.0 129 0.0 0.0 7.8 0.0 0.0
Phosphorous, mg/L 4.26 4.25 3.85 5.7 5.77 5.44 4.26 4.25 8.51
Ammonia N, mg/L 15.95 0.39 0.98 22.05 0.34 0.9 33.79 0.39 0.22
TIN, mg/L 15.95 6.59 2.49 22.05 6.29 2.87 33.84 6.59 1.97
pH 6.45 6.51 6.61 6.48 6.59 6.67 6.63 6.5 6.63
Recycle Loads
TN in the influent 200.29 200.29 202.33 200.29 200.29 200.29 200.29 200.29 200.29
TN from Thickener and Digester 219.1 203.46 219.1 224.84 204.52 202.95 227.03 203.24 201.86
% TN Recycled to Aeration Tank 9% 2% 8% 12% 2% 1% 13% 1% 1%
TP from Thickener and Digester 53.55 48.23 62.66 56.24 49.06 58.93 58.51 49.51 56.98
TN from Thickener 10.57 6.1 6.12 12.58 6.13 5.99 14.97 5.79 5.61
TN from Digester 38.5 26.91 26.26 42.21 27.75 26.62 41.3 26.45 25.71
% TN Recycled 24.5% 16.5% 16.0% 27.4% 16.9% 16.3% 28.1% 16.1% 15.6%
Phosphorus Recycle from Thickener, ppd 3.11 2.22 4.85 3.68 2.35 4.12 4.37 2.5 3.82
Phosphorus Recycle from Digester, ppd 15.89 11.48 23.64 17.99 12.1 20.42 19.5 12.3 18.61
Total Phosphorus Recycled, ppd 19 13.7 28.49 21.67 14.45 24.54 23.87 14.8 22.43
% TP Recycled 39.9% 28.8% 59.9% 45.6% 30.4% 51.6% 50.2% 31.1% 47.2%
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TABLE 9-9.

HIGH PURITY OXYGEN PLANTS BIOWIN RESULTS FOR SEASONAL NUTRIENT REMOVAL

PROCESS DESIGN - MMDW

DRY SEASON - ADW FLOWS

Existing Upgraded Plant Existing Upgraded Plant

Description HPO Plant Obj. A Obj. B HPO Plant Obj. A Obj. B
Nutrient Removal Goals
TIN (mg/L)
TP (mg/L)
Plant Size, Average Temperature
Influent Flow, mgd 0.7 0.7 0.7 0.5 0.5 0.5
Temp, °C 15 15 15 15 15 15
Influent
BOD 241 241 241 331 331 331
TSS 273 273 273 376 376 376
VSS 191 191 191 263 263 263
TKN 35 35 35 48 48 48
TP 8.3 8.3 8.3 11.4 11.4 11.4
Alkalinity 2.92 2.92 2.92 4 4 4
pH 7 7 7 7 7 7
Aeration Tank
No of Stages 4 4 4 4 4 4
Mode of Operation 75% / 25% Complete Mix Complete Mix || 75% / 25% Complete Mix Complete Mix
Stage #1
Operation Aeration Anoxic Anoxic Aeration Anoxic Anoxic
Volume 0.017 0.12 0.12 0.02 0.12 0.12
HRT 0.57 4.17 4.17 0.79 5.76 5.76
MLSS 1,259 3,588 3,030 1,301 3,880 3,597
Oxygen Supply, ft2/min 22.0 248
Stage #2
Operation Aeration Aeration Aeration Aeration Aeration Aeration
Volume 0.017 0.04 0.04 0.017 0.04 0.04
HRT 0.57 1.39 1.39 0.79 1.92 1.92
MLSS 1,268 3,586 3,027 1,311 3,878 3,597
Oxygen Supply, fta/mm 11.44 78.00 74.00 11.63 77.00 72.00
Stage #3
Operation Aeration Aeration Aeration Aeration Aeration Aeration
Volume 0.017 0.04 0.04 0.017 0.04 0.04
HRT 0.57 1.39 1.39 0.79 1.92 1.92
MLSS 1,266 3,584 3,024 1,308 3,875 3,598
Oxygen Supply, fta/mm 7.9 43.0 39.0 7.9 46.0 43.0
Stage #4
Operation Aeration Aeration Aeration Aeration Aeration Aeration
Volume 0.017 0.04 0.04 0.017 0.04 0.04
HRT 0.57 1.39 1.39 0.79 1.92 1.92
MLSS 5,379 3,581 3,020 5,540 3,872 3,596
Oxygen Supply, fta/mm 30.5 34.0 35.0 31.0 33.0 35.0
Total Oxygen Supply, ft*/min 72 155 148 72 156 150
DO Concentration, mg/L 7 7 7 7 7 7
BioWin SRT, days 1.5 13.5 14.26 1.5 13.5 14.26
RAS Recyle Rate 0.3Q 0.5Q 0.5Q 0.3Q 0.5Q 0.5Q
Preanoxic Internal Recycle Rate 4Q 4Q 4Q 4Q
Post - Anoxic Tank
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TABLE 9-9.
HIGH PURITY OXYGEN PLANTS BIOWIN RESULTS FOR SEASONAL NUTRIENT REMOVAL
PROCESS DESIGN - MMDW DRY SEASON - ADW FLOWS
Existing Upgraded Plant Existing Upgraded Plant
Description HPO Plant Obj. A Obj. B HPO Plant Obj. A Obj. B
Tank Volume, MG 0.05 0.05
HRT, hrs 1.74 2.40
Methanol, gpd 15 10
Clarifier
Area, ft? 1,000 1,000 1,000 1,000 1,000 1,000
Surface Overflow Rate, gal/ft* 690 690 690 500 500 500
Tank Volumes
Total Tankage Volume, MG 0.066 0.240 0.290 0.066 0.240 0.290
Total Additional Volume, MG 0.174 0.224 0.174 0.224
Available Volume onsite, MG 0.0 0.0 0.0 0.0
Additional Volume needed, MG 0.174 0.224 0.174 0.224
Chemical Addition
Magnesium Hydroxide Dosage, gpd 95 90 70 60
Magnesium Hydroxide Conc., meq/L 14,500 14,500 14,500 14,500
Anaerobic Digester
TSS wasted from Aerobic Tank, ppd 839 576 582 865 576 610
Total loading to Digester, ppd 1,968 1,700 1,707 1,989 1,698 1,734
Volume, MG 0.15 0.15 0.15 0.15 0.15 0.15
Hydraulic Residence Time, hrs 28.3 28.8 28.7 39.1 394 394
Sludge Production
Sludge Produced, ppd
Effluent
BOD, mg/L 8.29 5.28 8.29 6.23 3.55 4.37
TSS, mg/L 11.5 14.8 14.6 7.8 9.4 9.8
Phosphorous, mg/L 6.24 6.5 6.17 4.26 8.86 8.58
Ammonia N, mg/L 24.3 0.48 1.13 33.79 0.35 0.97
TIN, mg/L 24.33 5.07 1.38 33.84 6.85 2.01
pH 6.56 6.51 6.55 6.63 6.51 6.51
Recycle Loads
Nitrogen Recycle from Thickener, ppd 13.2 5.51 5.87 14.97 5.79 6.11
Nitrogen Recycle from Digester, ppd 42.66 27.28 28.2 41.3 27.47 28.35
Total Nitrogen Recycled, ppd 55.86 32.79 34.07 56.27 33.26 34.46
% TN Recycled 27.9% 16.4% 17.0% 28.1% 16.6% 17.2%
Phosphorus Recycle from Thickener, ppd 3.86 2.06 3.71 4.37 2.83 3.86
Phosphorus Recycle from Digester, ppd 18.38 12.1 19.71 19.5 15.43 19.98
Total Phosphorus Recycled, ppd 22.24 14.16 23.42 23.87 18.26 23.84
% TP Recycled 46.8% 29.8% 49.2% 50.2% 38.4% 50.1%
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CHAPTER 10.
TECHNOLOGICAL EVALUATION FOR AERATED OR
FACULTATIVE LAGOON PLANTS

10.1 BASE CASE/EXISTING SYSTEM

Biowin cannot model lagoon plants, so CapdetWorks was used to develop the following lagoon models
for base case cost estimating:

* A 1.0-mgd facultative lagoon system consisting of a bar screen for preliminary treatment
followed by 68-acres facultative lagoons

* A 1.0-mgd aerated lagoon and facultative lagoon system consisting of a bar screen for
preliminary treatment followed by 2-acres of complete mix aerated lagoon(s) and 34 acres of
facultative lagoons.

Table 10-1 summarizes the concentrations assumed for the lagoon effluent.

TABLE 10-1.
LAGOON EFFLUENT CONCENTRATIONS

AWWF ADWF

BOD (mg/L) 30 30
TSS (mg/L) 30 45
VSS (mg/L) 21 32
TKN (mg/L) 13.3 20
TP (mg/L) 53 8

Alkalinity (meq/L) 3.35

pH 7 8.5

The evaluation assumed that aerated lagoons would be dredged every 10 years of operation and the
facultative lagoons would be dredged every 20 years. The dredged solids from the lagoons was assumed
to meet the Class B biosolids requirements. Sludge production for facultative lagoon treatment plants and
treatment plants using aerated lagoons in conjunction with facultative lagoons were assumed to have a
sludge production rate of 0.42 pounds of dry sludge solids per pound of BODS5 applied or 0.46 tons dry
solids per million gallons of wastewater treated.

10.2 YEAR-ROUND NUTRIENT REMOVAL

To achieve year-round nitrogen-removal Objectives for A, B, E and F, the existing lagoon plant would
need to be replaced with a new mechanical plant.. The elements included in the replacement plant would
depend on the size of the original plant:

e For plants up to 5 mgd, the replacement plant would be the same as the upgraded plant for
existing extended aeration treatment plants, as described in Chapter 4; process design data for
these plants are presented in Table 4-2.
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e For plants larger than 5 mgd, the proposed new plant is similar to, though not exactly the
same as, the upgraded plant for existing CAS treatment plants, as described in Chapter 5.
Process design data for these plants are presented in Table 10-2. In order to provide a
consistent comparison with other upgrades discussed in this report, the modeled size of these
plants is 1.0-mgd; tank sizes would be scaled linearly to obtain sizes for plants rated up to
50 mgd.

The phosphorus removal objectives associated with Objectives C and D can be achieved by upgrading the
lagoon plant . Process design data for these plants are presented in Table 10-3.

10.2.1 Objective A

Process Description

To achieve Objective A (TIN <8 mg/L) year-round for lagoons rated up to 5.0 mgd, the existing lagoons
would be decommissioned and new liquid and solids treatment facilities would be constructed on-site.
The new plant would include the same process elements as the year-round Objective A upgrade for
extended aeration plants. The process flow schematic for this new plant would be as shown in Figure 4-3.
Table 4-2 summarizes the process design data.

To achieve Objective A year-round for lagoons rated greater than 5.0 mgd, the existing lagoons would be
decommissioned and replace with new liquid and solids treatment facilities. The new treatment plant
process elements would consist of the same process elements that are included in the upgraded
conventional activated sludge plant upgrade to achieve this Objective on a dry season basis presented in
Chapter 5. The new process elements would include, a new influent pump station, a headworks with a
fine screen system, primary clarifiers a conventional MLE activated sludge process with secondary
clarifiers,. The new plant would also include solids handling facility to thicken the waste activated sludge
prior to digestion, an anaerobic digester, and digested solids dewatering system with a belt filter press.
The process flow schematic for this objective is similar to the CAS seasonal process flow schematic
shown in Figure 5-6. Table 10-2 summarizes the process design data; detailed Biowin model reports are
in Appendix A.

Recycled Loads

Table 10-4 summarizes the recycled-load modeling results for the upgrades to achieve Objective A year-
round at existing lagoon plants.

TABLE 10-4.
NUTRIENT RECYCLING ESTIMATES FOR LAGOON PLANTS UPGRADED TO ACHIEVE
OBJECTIVE A YEAR-ROUND

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Plants Up to 5.0 mgd 16.3% 15.5% 48.7% 64.1%
Plants > 5.0 mgd 15.9% 15.5% 47.3% 42.4%

Sludge Production
The sludge produced from a 1-mgd plant with the Objective A year-round upgrades would be as follows:
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*  With upgrades proposed for plants up to 5.0 mgd:

— Annual average of 939 ppd

— 171 dry tons per year

— 0.75 dry tons per million gallons of wastewater treated

— This represents 63% increase in the quantity of biosolids by the plant
*  With upgrades proposed for plants greater than 5.0 mgd

— Annual average of 916 ppd

— 167 dry tons per year

— 0.73 dry tons per million gallons of wastewater treated

— This represents a 59% increase in the quantity of biosolids generated by the plant

Energy Consumption

Upgrading an existing 1-mgd( MM) aerated or facultative lagoon plant to achieve Objective A year-round
would change the plant energy requirements as shown in Table 10-5 or 10-6, respectively. These rates can
be extrapolated and applied to plants up to a rated maximum month capacity of 5 mgd.

TABLE 10-5.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING A
1-MGD AERATED LAGOON PLANT TO ACHIEVE
OBJECTIVE A YEAR-ROUND

Yearly Energy Required
Existing Aerated Lagoon Plant .............. 972,000 kW-hours/year
Objective A Year-Round ............ccueeneen. 1,010,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccecveveerieciiennenne. 38,000 kW-hours/year
Percent .....cocoeoveveniniiiieiin 4%

Increase per Volume of Plant Flow........ 167 kW-hours/MG

TABLE 10-6.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING A
1- MGD FACULTATIVE LAGOON PLANT TO ACHIEVE
OBJECTIVE A YEAR-ROUND

Yearly Energy Required
Existing Facultative Lagoon Plant ......... 136,000 kW-hours/year
Objective A Year-Round..........cccennenees 1,010,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity ..........ecceeeeerviereieniiennene 874,000 kW-hours/year
Percent.....cccoevenineecieiininecccecnen 642%

Increase per Volume of Plant Flow........ 3831 kW-hours/MG
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Chemical Usage

For plants up to 5.0 mgd, the chemical usage for an upgraded plant to achieve Objective A year-round
would be the same as for extended aeration plants upgraded to achieve Objective A year-round, as
described in Section 4.2.1.

For plants larger than 5.0 mgd, no additional use of chemicals would be required the upgraded plant to
achieve Objective A year-round.

Footprint Requirements

Table 10-7 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective A for the three generic plant capacities. For plants up to 5 mgd in capacity, the upgrade
footprint includes preliminary treatment, an influent pump station, an aeration tank, an anoxic tank,
secondary clarifiers, an aerobic digester and a belt filer press. For plants larger than 5 mgd, the upgrade
footprint includes preliminary treatment, an influent pump station, primary clarifiers, an aeration tank, an
anoxic tank, secondary clarifiers, an anaerobic digester and a belt filer press. Refer to Appendix C for
detailed footprint areas of the existing system and the proposed system.

TABLE 10-7.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED
LAGOON AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE A

YEAR-ROUND
Additional Area Required for Upgrade (square feet)
Plant Design Capacity (mgd) Aerated Lagoon Plants Facultative Lagoon Plants
0.5 (304,900) (348,500)
5 (6,708,200) (7,143,800)
50 (72,004,700) (76,360,700)

10.2.2 Objective B
Process Description

To achieve Objective B (TIN <3 mg/L) year-round for lagoons rated up to 5.0 mgd, the existing lagoons
would be abandoned in place and new liquid and solids treatment facilities would be constructed the same
as for the year-round Objective B upgrade for extended aeration plants. The process flow schematic for
this upgrade is shown in Figure 4-4, and Table 4-2 summarizes the process design data.

To achieve Objective B year-round for lagoons rated greater than 5.0 mgd, the existing lagoons would be
abandoned in place and new liquids and solids handling treatment facilities would be constructed. A new
influent pump station, a headworks with a fine screen system and a new 1,020-square-foot primary
clarifier should be constructed. The new liquids treatment system would use the 4-stage Bardenpho
activated sludge process and secondary clarifiers, requiring the construction of a new 0.25-MG aeration
tank, a 0.10-MG pre-anoxic tank, a 0.05-MG post-anoxic tank and a 2,200-square-foot secondary
clarifier. Methanol would be added as an additional carbon source to the post-anoxic tank to increase the
denitrification process, requiring a methanol storage and dosing system. The process flow schematic for
this objective is similar to the CAS seasonal process flow schematic shown in Figure 5-7. Table 10-2
summarizes the process design data. Detailed Biowin model reports are in Appendix A.
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Recycled Loads

Table 10-8 summarizes the recycled-load modeling results for the upgrades to achieve Objective B year-
round at lagoon plants. For lagoon plants with capacities up to 5.0 mgd, the recycled loads are the same as
those calculated for the year-round Objective B upgrade for extended aeration systems.

TABLE 10-8.
NUTRIENT RECYCLING ESTIMATES FOR LAGOON PLANTS UPGRADED TO ACHIEVE
OBJECTIVE B YEAR-ROUND

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Plants Up to 5.0 mgd 17.2% 15.9% 55.7% 61.7%
Plants > 5.0 mgd 14.5% 15.5% 33.5% 29.7%

Sludge Production
The sludge produced from a 1-mgd plant with the Objective B year-round upgrades would be as follows:
*  With upgrades proposed for plants up to 5.0 mgd:
— Annual average of 951 ppd
— 174 dry tons per year
— 0.75 dry tons per million gallons of wastewater treated
— This represents 63% increase in the quantity of biosolids by the plant
*  With upgrades proposed for plants greater than 5.0 mgd
— Annual average of 924 ppd
— 169 dry tons per year
— 0.73 dry tons per million gallons of wastewater treated

— This represents 59% increase in the quantity of biosolids by the plant

Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective B year-round would change the
plant energy requirements as shown in Table 10-9 or 10-10, respectively.

Chemical Usage

For plants up to 5.0 mgd, the chemical usage for an upgraded plant to achieve Objective B year-round
would be the same as for extended aeration plants upgraded to achieve Objective B year-round, as
described in Section 4.2.2.

For plants larger than 5.0 mgd, the upgraded plant to achieve Objective B year-round would require
4,563 gallons of methanol per year for carbon supplementation to drive the denitrification process, or
20 gallons of methanol per million gallons of wastewater treated.
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TABLE 10-9.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
AERATED LAGOON PLANT TO ACHIEVE OBJECTIVE B

YEAR-ROUND
Yearly Energy Required
Existing Aerated Lagoon Plant............... 972,000 kW-hours/year
Objective B Year-Round........................ 1,292,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cceccveeeereecirenenne. 320,000 kW-hours/year
Percent ......cocoviiiiiiiiii 33%

Increase per Volume of Plant Flow........ 1403 kW-hours/MG

TABLE 10-10.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
FACULTATIVE LAGOON PLANT TO ACHIEVE OBJECTIVE

B YEAR-ROUND
Yearly Energy Required
Existing Facultative Lagoon Plant ......... 136,000 kW-hours/year
Objective B Year-Round........................ 1,292,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity........cccceeevvevieerreenneennn 1,156,000 kW-hours/year
Percent........ooeoviiiiiiiiii 850%

Increase per Volume of Plant Flow........ 5068 kW-hours/MG

Footprint Requirements

Table 10-11 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective B for the three generic plant capacities. For plants up to 5 mgd in capacity, the upgrade
footprint includes preliminary treatment, an influent pump station, an aeration tank, pre- and post-anoxic
tanks, methanol containment, secondary clarifiers, an aerobic digester and a belt filer press. For plants
larger than 5 mgd, the upgrade footprint includes preliminary treatment, an influent pump station, primary
clarifiers, an aeration tank, pre- and post-anoxic tanks, methanol containment, secondary clarifiers, an
anaerobic digester and a belt filer press. Refer to Appendix C for detailed footprint areas of the existing
system and the proposed system.

TABLE 10-11.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED LAGOON
AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE B YEAR-ROUND

Additional Area Required for Upgrade (square feet)

Plant Design Capacity (mgd) Aerated Lagoon Plants Facultative Lagoon Plants
0.5 (304,900) (348,500)
5 (6,708,200) (7,143,800)
50 (72,004,700) (76,360,700)
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10.2.3 Objective C

Process Description

Objective C (TP <1.0 mg/L) can be achieved year-round by adding a new chemical clarifier to the
existing lagoon system. The effluent from the lagoon would be sent to the clarifier, where alum would be
added for precipitation of phosphorus. The clarifier would be designed for an overflow rate of 500
gpd/ft2, so the required clarifier area for a MMWWEF of 1.0 mgd would be 2,000 square feet. A simple
Biowin model was developed consisting of an influent equal to the lagoon effluent and a chemical
clarifier as shown in Figure 10-1. Table 10-3 summarizes the process design data. Detailed Biowin model
reports are in Appendix A.

Alum

! "
Influent Lo —
W A EII Clarifier Effluent

- Thickener %?JL i‘

Effluent

Figure 10-1. Process Schematic of Clarifier Used to Upgrade Lagoon Plant for Objective C Year-Round

Recycled Loads

The percentage of TN and TP returning from the sludge treatment processes was calculated using Biowin
model outputs. Table 10-12 summarizes the results.

TABLE 10-12.
NUTRIENT RECYCLING FOR AERATED OR FACULTATIVE LAGOON SYSTEMS,
OBJECTIVE C YEAR-ROUND NUTRIENT REMOVAL

AWWF ADWF
% of TN Recycled 4.4% 4.4%
% of TP Recycled 1.1% 1.3%

Sludge Production

Addition of alum will result in higher sludge production rates which will increase the quantity of sludge
that would need to be dredged from the lagoons. The additional sludge produced would be equivalent to
0.15 tons per million gallons of wastewater treated.. This represent approximately a 33% increase in the
sludge production by the treatment plant.
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Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective C year-round would change the
plant energy requirements as shown in Table 10-13 or 10-14, respectively.

TABLE 10-13.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

Yearly Energy Required
Existing Aerated Lagoon Plant .............. 972,000 kW-hours/year
Objective C Year-Round........................ 1,038,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity ..........cccceeveeeieniecieennen. 66,000 kW-hours/year
Percent......ccooevinieienicninicecce 7%

Increase per Volume of Plant Flow........ 105,600 kW-hours/MG

TABLE 10-14.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
FACULTATIVE LAGOON PLANT TO ACHIEVE OBJECTIVE C YEAR-

ROUND
Yearly Energy Required
Existing Facultative Lagoon Plant......... 136,000 kW-hours/year
Objective C Year-Round ..........ccceeee. 202,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cecceeeeveviereiiniiennens 66,000 kW-hours/year
Percent ....c.ooeveeieienieninicieecce 49%

Increase per Volume of Plant Flow ....... 105,600 kW-hours/MG

Chemical Usage

The upgraded plant to achieve Objective C year-round would require 22,995 gallons of alum per year for
phosphorus removal, or 100 gallons of alum per million gallons of wastewater treated.

Footprint Requirements

Table 10-15 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective C for the three generic plant capacities. The upgraded footprint area includes a new chemical
clarifier, a chemical containment tank and a pump station. Refer to Appendix C for detailed footprint
areas of the existing system and the proposed system.
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TABLE 10-15.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED
LAGOON AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE C

YEAR-ROUND
Additional Area Required for Upgrade (square feet)
Plant Design Capacity (mgd) Aerated Lagoon Plants Facultative Lagoon Plants
0.5 3,900 3,900
5 30,000 30,000
50 233,000 233,000

10.2.4 Objective D

Process Description

Objective D (TP <0.1 mg/L) can be achieved year-round by adding a new chemical clarifier and tertiary
filters to the existing lagoon system. The effluent from the lagoon would be sent to the clarifier, where
alum would be added for precipitation of phosphorus. The clarifier would be designed for an overflow
rate of 500 gpd/ft2, so the required clarifier area for an MMWWF of 1.0 mgd would be 2,000 square feet.
A process schematic for this upgrade is shown in Figure 10-2. Table 10-3 summarizes the process design
data. Detailed Biowin model reports are in Appendix A.

Alum

l

Clariiler Filters Effluent

s

Influent Lagoon Cell
o il

"—I - N _ | ]
— v
n
Thickener

: o= .

Effluent

Figure 10-2. Process Schematic of Upgraded Lagoon Plant for Objective D Year-Round

The sludge produced from the chemical clarifier and the backwash from the filters would be sent back to
the existing lagoon. Part of the lagoon would be partitioned to store the sludge from the chemical clarifier
by constructing a 10-foot earthen berm with 3:1 side slopes. The size of this lagoon cell is assumed to be
1.0 acre for a 1.0-mgd lagoon plant. Sludge from the chemical clarifier will be accumulated in this lagoon
cell and decanted. The accumulated sludge will be dredged out every 5 to 7 years. A new pump station
should be constructed to transfer the lagoon effluent to the physical/chemical treatment process.
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Recycled Loads

The percentage of TN and TP returning from the sludge treatment processes was calculated using Biowin
model outputs. Table 10-16 summarizes the results.

TABLE 10-16.
NUTRIENT RECYCLING FOR AERATED OR FACULTATIVE LAGOON SYSTEMS,
OBJECTIVE D YEAR-ROUND NUTRIENT REMOVAL

AWWF ADWF
% of TN Recycled 9.5% 8.7%
% of TP Recycled 5.9% 3.4%

Sludge Production

Addition of alum will result in higher sludge production rates which will increase the quantity of sludge
that would need to be dredged from the lagoons. The additional sludge produced would be equivalent to
0.19 tons per million gallons of wastewater treated.. This represent approximately a 41% increase in the
sludge production by the treatment plant.

Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective D year-round would change the
plant energy requirements as shown in Table 10-17 or 10-18, respectively.

Chemical Usage

The upgraded plant to achieve Objective D year-round would require 51,100 gallons of alum per year for
phosphorus removal, or 222 gallons of alum per million gallons of wastewater treated.

Footprint Requirements

Table 10-19 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective D for the three generic plant capacities. The upgraded footprint area includes a new chemical
clarifier, a chemical containment tank, tertiary filters, and a pump station. Refer to Appendix C for
detailed footprint areas of the existing system and the proposed system.

TABLE 10-17.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
AERATED LAGOON PLANT TO ACHIEVE OBJECTIVE D

YEAR-ROUND
Yearly Energy Required
Existing Aerated Lagoon Plant .............. 972,000 kW-hours/year
Objective D Year-Round ....................... 1,042,000 kW-hours/year
Energy Increase for Upgrade
Annual QUantity.........ccocceverveverieninnenn. 71,000 kW-hours/year
Percent .....cocoeevevininiiiei 7%

Increase per Volume of Plant Flow........ 113,600 kW-hours/MG
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TABLE 10-18.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
FACULTATIVE LAGOON PLANT TO ACHIEVE OBJECTIVE
D YEAR-ROUND

Yearly Energy Required
Existing Facultative Lagoon Plant ......... 136,000 kW-hours/year
Objective D Year-Round........................ 207,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........ccceecerieieveniennenne. 71,000 kW-hours/year
Percent.....c.cocooviiiiiiiiiiinii 52%

Increase per Volume of Plant Flow........ 113,600 kW-hours/MG

TABLE 10-19.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED
LAGOON AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE D

YEAR-ROUND
Additional Area Required for Upgrade (square feet)
Plant Design Capacity (mgd) Aerated Lagoon Plants Facultative Lagoon Plants
0.5 4,800 4,800
5 37,000 37,000
50 285,800 285,800

10.2.5 Objective E

Process Description

To achieve Objective E (TIN <8 mg/L and TP <1.0 mg/L) year-round for lagoons rated up to 5.0 mgd, the
existing lagoons would be abandoned in place and new liquid and solids treatment facilities would be
constructed the same as for the year-round Objective E upgrade for extended aeration plants. Table 4-2
summarizes the process design data.

To achieve Objective E year-round for lagoons rated greater than 5.0 mgd, the existing lagoon plant
would be upgraded as described for Objective A, with the additional upgrades of constructing an alum
tank for precipitation of phosphorus and a magnesium hydroxide tank for pH control. Tanks would be
sized based on maximum chemical usage during MMWWEF, AWWF or ADWF (whichever is higher).
The process flow schematics are similar to those for Objective A, with the addition of alum and
magnesium hydroxide to the secondary process. A mechanical dewatering system would be constructed to
concentrate biosolids to a minimum of 16 percent dry solids content. Table 10-2 summarizes the process
design data. Detailed Biowin model reports are in Appendix A.

Recycled Loads

Table 10-20 summarizes the recycled-load modeling results for the upgrades to achieve Objective E year-
round at lagoon plants. For lagoon plants with capacities up to 5.0 mgd, the recycled loads are the same as
those calculated for the year-round Objective E upgrade for extended aeration systems.

10-11





Technical and Economic Evaluation of Nitrogen and Phosphorus Removal at Municipal Wastewater Treatment Facilities...

TABLE 10-20.
NUTRIENT RECYCLING ESTIMATES FOR LAGOON PLANTS UPGRADED TO ACHIEVE
OBJECTIVE E YEAR-ROUND

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Plants Up to 5.0 mgd 18.0% 15.2% 35.9% 50.4%
Plants > 5.0 mgd 2.2% 15.4% 45.5% 46.4%

Sludge Production
The sludge produced from a 1-mgd plant with the Objective E year-round upgrades would be as follows:
*  With upgrades proposed for plants up to 5.0 mgd:
— Annual average of 1,177 ppd
— 214 dry tons per year
— 0.93 dry tons per million gallons of wastewater treated
—  Sludge production would therefore increase 102%
»  With upgrades proposed for plants greater than 5.0 mgd
— Annual average of 1,175 ppd
— 214 dry tons per year
— 0.93 dry tons per million gallons of wastewater treated

—  Sludge production would therefore increase 102%

Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective E year-round would change the
plant energy requirements as shown in Table 10-21 or 10-22, respectively.

TABLE 10-21.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
AERATED LAGOON PLANT TO ACHIEVE OBJECTIVE E

YEAR-ROUND
Yearly Energy Required
Existing Aerated Lagoon Plant .............. 972,000 kW-hours/year
Objective E Year-Round...........cco....... 1,022,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........cccecveeeeeieeciienenne. 50,000 kW-hours/year
Percent .....cocoeevevininiiiiinc 5%

Increase per Volume of Plant Flow........ 219 kW-hours/MG
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TABLE 10-22.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
FACULTATIVE LAGOON PLANT TO ACHIEVE OBJECTIVE
E YEAR-ROUND

Yearly Energy Required
Existing Facultative Lagoon Plant ......... 136,000 kW-hours/year
Objective E Year-Round............c..c........ 1,022,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........ccceecerieieveniennenne. 886,000 kW-hours/year
Percent.....c.cocooviiiiiiiiiiinii 651%

Increase per Volume of Plant Flow........ 3883 kW-hours/MG

Chemical Usage

For plants up to 5.0 mgd, the chemical usage for an upgraded plant to achieve Objective E year-round
would be the same as for extended aeration plants upgraded to achieve Objective E year-round, as
described in Section 4.2.5.

For plants larger than 5.0 mgd, the upgraded plant to achieve Objective E year-round would require
44,530 gallons of alum per year (194 gallons per million gallons of wastewater treated) for phosphorus
reduction and 32,850 gallons of magnesium hydroxide per year (143 gallons per million gallons of
wastewater treated) for pH control.

Footprint Requirements

Table 10-23 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective E for the three generic plant capacities. For plants up to 5 mgd in capacity, the upgrade
footprint includes preliminary treatment, an influent pump station, an aeration tank, an anoxic tank, alum
and magnesium hydroxide containment, secondary clarifiers, an aerobic digester and a belt filer press. For
plants larger than 5 mgd, the upgrade footprint includes preliminary treatment, an influent pump station,
primary clarifiers, an aeration tank, an anoxic tank, alum and magnesium hydroxide containment,
secondary clarifiers, an anaerobic digester and a belt filer press. Refer to Appendix C for detailed
footprint areas of the existing system and the proposed system.

TABLE 10-23.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED
LAGOON AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE E

YEAR-ROUND
Additional Area Required for Upgrade (square feet)
Plant Design Capacity (mgd) Aerated Lagoon Plants Facultative Lagoon Plants
0.5 (304.,900) (348,500)
5 (6,708,200) (7,143,800)
50 (72,004,700) (76,360,700)
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10.2.6 Objective F

Process Description

To achieve Objective F (TIN <3 mg/L and TP <0.1 mg/L) year-round for lagoons rated up to 5.0 mgd, the
existing lagoons would be abandoned in place and new liquid and solids treatment facilities would be
constructed the same as for the year-round Objective F upgrade for extended aeration plants. Table 4-2
summarizes the process design data.

To achieve Objective F year-round for lagoons rated greater than 5.0 mgd, the existing lagoon plant
would be upgraded as described for Objective B, with the additional upgrades of constructing an alum
tank for precipitation of phosphorus, a magnesium hydroxide tank for pH control, and new conventional
gravity filters. Tanks would be sized based on maximum chemical usage during MMWWEF, AWWEF or
ADWF (whichever is higher). The process flow schematics are similar to those for Objective B, with the
addition of alum and magnesium hydroxide to the secondary process. A mechanical dewatering system
would be constructed to concentrate biosolids to a minimum of 16 percent dry solids content. Table 10-2
summarizes the process design data. Detailed Biowin model reports are in Appendix A.

Recycled Loads

Table 10-24 summarizes the recycled-load modeling results for the upgrades to achieve Objective F year-
round at lagoon plants. For lagoon plants with capacities up to 5.0 mgd, the recycled loads are the same as
those calculated for the year-round Objective F upgrade for extended aeration systems.

TABLE 10-24.
NUTRIENT RECYCLING ESTIMATES FOR LAGOON PLANTS UPGRADED TO ACHIEVE
OBJECTIVE F YEAR-ROUND

% of TN Recycled % of TP Recycled
AWWF ADWF AWWF ADWF
Plants Up to 5.0 mgd 16.5% 15.3% 36.5% 36.6%
Plants > 5.0 mgd 16.1% 15.5% 24.5% 24.7%

Sludge Production
The sludge produced from a 1-mgd plant with the Objective F year-round upgrades would be as follows:
*  With upgrades proposed for plants up to 5.0 mgd:
— Annual average of 1,228 ppd
— 224 dry tons per year
— 0.97 dry tons per million gallons of wastewater treated
— Sludge production would therefore increase 111%
*  With upgrades proposed for plants greater than 5.0 mgd
— Annual average of 1,264 ppd
— 231 dry tons per year

— 1.00 dry tons per million gallons of wastewater treated
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— Sludge production would therefore increase 117%

Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective F year-round would change the
plant energy requirements as shown in Table 10-25 or 10-26, respectively.

TABLE 10-25.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE F YEAR-ROUND

Yearly Energy Required
Existing Aerated Lagoon Plant............... 972,000 kW-hours/year
Objective F Year-Round ..........cccoeeneee 1,317,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity ..........cceceeevvereeneeneenne. 345,500 kW-hours/year
Percent.......oocevieniiiiiniiee 35.5%

Increase per Volume of Plant Flow ........ 1515 kW-hours/MG

TABLE 10-26.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE F YEAR-ROUND

Yearly Energy Required
Existing Facultative Lagoon Plant.......... 136,000 kW-hours/year
Objective F Year-Round............cc.c........ 1,317,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity ..........cccceeveeeiiiiiiniennnns 1,181,500 kW-hours/year
Percent......ocooviiniiniiniii 869%

Increase per Volume of Plant Flow ........ 5179 kW-hours/MG

Chemical Usage

For plants up to 5.0 mgd, the chemical usage for an upgraded plant to achieve Objective F year-round
would be the same as for extended aeration plants upgraded to achieve Objective F year-round, as
described in Section 4.2.6.

For plants larger than 5.0 mgd, the upgraded plant to achieve Objective F year-round would require
63,875 gallons of alum per year (278 gallons per million gallons of wastewater treated) for phosphorus
reduction, 43,800 gallons of magnesium hydroxide per year (190 gallons per million gallons of
wastewater treated) for pH control, and 5,475 gallons of methanol per year (24 gallons per million gallons
of wastewater treated) for nitrogen removal.

Footprint Requirements

Table 10-27 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective F for the three generic plant capacities. For plants up to 5 mgd in capacity, the upgrade
footprint includes preliminary treatment; an influent pump station; an aeration tank; pre- and post-anoxic
tanks; alum, magnesium hydroxide and methanol containment; tertiary filters; secondary clarifiers; an
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aerobic digester; and a belt filer press. For plants larger than 5 mgd, the upgrade footprint includes
preliminary treatment; an influent pump station; primary clarifiers; an aeration tank; pre- and post-anoxic
tanks; alum, magnesium hydroxide and methanol containment; tertiary filters; secondary clarifiers; an
anaerobic digester; and a belt filer press. Refer to Appendix C for detailed footprint areas of the existing
system and the proposed system.

TABLE 10-27.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED LAGOON
AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE F YEAR-ROUND

Additional Area Required for Upgrade (square feet)

Plant Design Capacity (mgd) Aerated Lagoon Plants Facultative Lagoon Plants
0.5 (304,900) (348,500)
5 (6,708,200) (7,143,800)
50 (72,004,700) (76,360,700)

10.3 SEASONAL NUTRIENT REMOVAL

To achieve seasonal nitrogen-removal objectives (A, B, E and F) a lagoon plant would need to be
abandoned and a new plant constructed in its place. The elements included in the replacement plant would
depend on the size of the original plant:

* For plants up to 5 mgd, the replacement plant would be the same as the upgraded plant for
existing extended aeration treatment plants, as described in Chapter 4; process design data for
these plants are presented in Table 4-31.

* For plants larger than 5 mgd, the proposed new plant is the same as the upgraded plant for
existing CAS treatment plants, as described in Chapter 5. Process design data for these plants
are presented in Table 5-21. In order to provide a consistent comparison with other upgrades
discussed in this report, the modeled size of these plants is 1.0-mgd; tank sizes would be
scaled linearly to obtain sizes for plants rated up to 50 mgd.

To achieve objectives to remove only phosphorus seasonally (Objectives C and D), a lagoon plant could
be upgraded rather than abandoned and replaced. Process design data for these plants are presented in
Table 10-3.

10.3.1 Objective A

Process Description

To achieve Objective A seasonally for lagoons rated up to 5.0 mgd, the existing lagoons would be
replaced by a new mechanical liquid and solids treatment plant. The new plant would be feature the same
processes as described for the upgraded extended aeration plant to achieve Objective A seasonally. Table
4-31 summarizes the process design data.

For existing lagoon plants greater than 5 mgd would require construction of a new mechanical liquid and
solids treatment plant conforming with the processes described for upgraded CAS plants that are to
achieve Objective A during the dry weather season. The process flow schematic for this upgrade is shown
in Figure 5-6, and Table 5-21 summarizes the process design data.
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Recycled Loads

For plants rated up to 5.0 mgd, recycled loads for upgrades to achieve Objective A seasonally would be
the same as given for upgraded extended aeration plants in Section 4.3.1. For plants rated greater than
5.0 mgd, recycled loads would be the same as given for upgraded CAS plants in Section 5.3.1.

Sludge Production

For plants rated up to 5.0 mgd, sludge production for upgrades to achieve Objective A seasonally would
be the same as given for upgraded extended aeration plants in Section 4.3.1. For plants rated greater than
5.0 mgd, sludge production would be the same as given for upgraded CAS plants in Section 5.3.1.

Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective A seasonally would change the
plant energy requirements as shown in Table 10-28 or 10-29, respectively.

TABLE 10-28.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING 1 MGD
AERATED LAGOON PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

Yearly Energy Required
Existing Aerated Lagoon Plant............... 972,000 kW-hours/year
Objective A, Seasonal.........cccceveerueennenn, 938,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity ........ccecceeveeeeieeieniennnn, (33,500), kW-hours/year
Percent......ccoeuevienieieieieseeeeeeeeee (3%)%

Increase per Volume of Plant Flow ........ (147) kW-hours/MG

TABLE 10-29.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING 1 MGD
FACULTATIVE LAGOON PLANT TO ACHIEVE OBJECTIVE A

SEASONALLY
Yearly Energy Required
Existing Facultative Lagoon Plant......... 136,000 kW-hours/year
Objective A, Seasonal.........cccccevvveuennen. 938,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........cceceeeveerienienneenne. 802,500 kW-hours/year
Percent ......cccooveviiiecieniiniices 590%

Increase per Volume of Plant Flow........ 3,518 kW-hours/MG

Chemical Usage

For plants rated up to 5.0 mgd, chemical usage for upgrades to achieve Objective A seasonally would be
the same as given for upgraded extended aeration plants in Section 4.3.1. For plants rated greater than
5.0 mgd, chemical usage would be the same as given for upgraded CAS plants in Section 5.3.1.
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Footprint Requirements

Table 10-30 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective A seasonally for the three generic plant capacities.

TABLE 10-30.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED
LAGOON AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE A

SEASONALLY
Additional Area Required for Upgrade (square feet)
Plant Design Capacity (mgd) Aerated Lagoon Plants Facultative Lagoon Plants
0.5 (348,500) (392,000)
5 (6,795,400) (7,231,000)
50 (72,440,300) (76,796,300)

10.3.2 Objective B

Process Description

To achieve Objective B seasonally for lagoons rated up to 5.0 mgd, the existing lagoons would be
abandoned in place and new liquid and solids treatment facilities would be constructed the same as for the
seasonal Objective B upgrade for extended aeration plants. Table 4-31 summarizes the process design
data.

To achieve Objective B seasonally for lagoons rated greater than 5.0 mgd, the existing lagoons would be
abandoned in place and new liquid and solids treatment facilities would be constructed the same as for the
seasonal Objective B upgrade for CAS plants. The process flow schematic for this upgrade is shown in
Figure 5-7, and Table 5-21 summarizes the process design data.

Recycled Loads

For plants rated up to 5.0 mgd, recycled loads for upgrades to achieve Objective B seasonally would be
the same as given for upgraded extended aeration plants in Section 4.3.2. For plants rated greater than
5.0 mgd, recycled loads would be the same as given for upgraded CAS plants in Section 5.3.2.

Sludge Production

For plants rated up to 5.0 mgd, sludge production for upgrades to achieve Objective B seasonally would
be the same as given for upgraded extended aeration plants in Section 4.3.2. For plants rated greater than
5.0 mgd, sludge production would be the same as given for upgraded CAS plants in Section 5.3.2.

Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective B seasonally would change the
plant energy requirements as shown in Table 10-31 or 10-32, respectively.
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TABLE 10-31.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

Yearly Energy Required
Existing Aerated Lagoon Plant............... 972,000 kW-hours/year
Objective B, Seasonal..........cccccvvuveuennne 1,042,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity .........cccceeeveviieeiiecnennnne 70,500 kW-hours/year
Percent......ooooveeeiiiiiiie 7%

Increase per Volume of Plant Flow ........ 309 kW-hours/MG

TABLE 10-32.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

Yearly Energy Required
Existing Facultative Lagoon Plant ......... 136,000 kW-hours/year
Objective B, Seasonal ..........cccccevueeneene. 1,042,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........cceeeeveeeieeiennnnne. 906,500 kW-hours/year
Percent........cocooviiiiiiiiii 767%

Increase per Volume of Plant Flow........ 3,974 kW-hours/MG

Chemical Usage

For plants rated up to 5.0 mgd, chemical usage for upgrades to achieve Objective B seasonally would be
the same as given for upgraded extended aeration plants in Section 4.3.2. For plants rated greater than
5.0 mgd, chemical usage would be the same as given for upgraded CAS plants in Section 5.3.2.

Footprint Requirements

Table 10-33 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective B seasonally for the three generic plant capacities.

TABLE 10-33.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED
LAGOON AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE B

SEASONALLY
Additional Area Required for Upgrade (square feet)
Plant Design Capacity (mgd) Aecrated Lagoon Plants Facultative Lagoon Plants
0.5 (348,500) (392,000)
5 (6,795,400) (7,231,000)
50 (72,440,300) (76,796,300)
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10.3.3 Objective C

Process Description

Objective C can be achieved seasonally with the same upgrades as described for the year-round Objective
C upgrade. Table 10-3 summarizes the process design data.

Recycled Loads

Average dry-weather recycled load percentages for upgrades to achieve Objective C seasonally would be
the same as for upgrades to achieve Objective C year-round.

Sludge Production

Addition of alum will result in higher sludge production rates which will increase the quantity of sludge
that would need to be dredged from the lagoons. The additional sludge produced would be equivalent to
0.084 tons per million gallons of wastewater treated.. This represent approximately a 18% increase in the
sludge production by the treatment plant.

Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective C seasonally would change the
plant energy requirements as shown in Table 10-34 or 10-35, respectively.

TABLE 10-34.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

Yearly Energy Required
Existing Aerated Lagoon Plant............... 972,000 kW-hours/year
Objective C, Seasonal..........cccccveeueennne. 853,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity .........cccceeeeeeiniiiriinnen. 118,500 kW-hours/year
Percent.....ccccoeviiieicnininiccee 12%

Increase per Volume of Plant Flow ........ 519 kW-hours/MG

TABLE 10-35.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

Yearly Energy Required
Existing Facultative Lagoon Plant ......... 136,000 kW-hours/year
Objective C, Seasonal ..........cccccevverueennns 254,500 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........c.cceeevveereeeiieeieenenns 118,500 kW-hours/year
Percent.......coceeieieniniiiiiccceees 87%

Increase per Volume of Plant Flow........ 3,145 kW-hours/MG
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Chemical Usage

The upgraded plant to achieve Objective C seasonally would require 12,775 gallons of alum per year for
phosphorus removal, or 56 gallons of alum per million gallons of wastewater treated.

Footprint Requirements

Table 10-36 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective C seasonally for the three generic plant capacities. Refer to Appendix C for detailed footprint
areas of the existing system and the proposed system.

TABLE 10-36.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED
LAGOON AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE C

SEASONALLY
Additional Area Required for Upgrade (square feet)
Plant Design Capacity (mgd) Acrated Lagoon Plants Facultative Lagoon Plants
0.5 4,400 4,400
5 30,500 30,500
50 230,900 230,900

10.3.4 Objective D
Process Description

Objective D can be achieved seasonally with the same upgrades as described for the year-round Objective
D upgrade. Table 10-3 summarizes the process design data.

Recycled Loads

Average dry-weather recycled load percentages for upgrades to achieve Objective D seasonally would be
the same as for upgrades to achieve Objective D year-round.

Sludge Production

Addition of alum will result in higher sludge production rates which will increase the quantity of sludge
that would need to be dredged from the lagoons. The additional sludge produced would be equivalent to
0.095 tons per million gallons of wastewater treated.. This represent approximately a 21% increase in the
sludge production by the treatment plant.

Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective D seasonally would change the
plant energy requirements as shown in Table 10-37 or 10-38, respectively.
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TABLE 10-37.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
AERATED LAGOON PLANT TO ACHIEVE OBJECTIVE D

SEASONALLY
Yearly Energy Required
Existing Aerated Lagoon Plant............... 972,000 kW-hours/year
Objective D, Seasonal..........cccocevveeennenne 870,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity.........c.ceceeeveeereeciienennn. (102,000) kW-hours/year
Percent ......cocoveviiiiiiiiic (10)%

Increase per Volume of Plant Flow........ (447) kW-hours/MG

TABLE 10-38.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING
FACULTATIVE LAGOON PLANT TO ACHIEVE
OBJECTIVE D SEASONALLY

Yearly Energy Required
Existing Facultative Lagoon Plant ......... 136,000 kW-hours/year
Objective D, Seasonal..........ccccceeeueenennn. 870,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity........ccccevevvevevieniennnnne. 734,000 kW-hours/year
Percent........ooeoviiiiiiiiii 539%

Increase per Volume of Plant Flow........ 3,217 kW-hours/MG

Chemical Usage

The upgraded plant to achieve Objective D year-round would require 25,550 gallons of alum per year for
phosphorus removal, or 111 gallons of alum per million gallons of wastewater treated.

Footprint Requirements

Table 10-39 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective D seasonally for the three generic plant capacities. Refer to Appendix C for detailed footprint
areas of the existing system and the proposed system.

TABLE 10-39.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED
LAGOON AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE D

SEASONALLY
Additional Area Required for Upgrade (square feet)
Plant Design Capacity (mgd) Aerated Lagoon Plants Facultative Lagoon Plants
0.5 4,400 4,400
5 39,200 39,200
50 270,100 270,100
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10.3.5 Objective E
Process Description

To achieve Objective E seasonally for lagoons rated up to 5.0 mgd, the existing lagoons would be
abandoned in place and new liquid and solids treatment facilities would be constructed the same as for the
seasonal Objective E upgrade for extended aeration plants. Table 4-31 summarizes the process design
data.

To achieve Objective E seasonally for lagoons rated greater than 5.0 mgd, the existing lagoons would be
abandoned in place and new liquid and solids treatment facilities would be constructed the same as for the
seasonal Objective E upgrade for CAS plants. Table 5-21 summarizes the process design data.

Recycled Loads

For plants rated up to 5.0 mgd, recycled loads for upgrades to achieve Objective E seasonally would be
the same as given for upgraded extended aeration plants in Section 4.3.5. For plants rated greater than
5.0 mgd, recycled loads would be the same as given for upgraded CAS plants in Section 5.3.5.

Sludge Production

For plants rated up to 5.0 mgd, sludge production for upgrades to achieve Objective E seasonally would
be the same as given for upgraded extended aeration plants in Section 4.3.5. For plants rated greater than
5.0 mgd, sludge production would be the same as given for upgraded CAS plants in Section 5.3.5.
Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective E seasonally would change the
plant energy requirements as shown in Table 10-40 or 10-41, respectively.

Chemical Usage

For plants rated up to 5.0 mgd, chemical usage for upgrades to achieve Objective E seasonally would be
the same as given for upgraded extended aeration plants in Section 4.3.5. For plants rated greater than
5.0 mgd, chemical usage would be the same as given for upgraded CAS plants in Section 5.3.5.

Footprint Requirements

Table 10-42 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective E seasonally for the three generic plant capacities.

TABLE 10-40.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE E SEASONALLY

Yearly Energy Required
Existing Aerated Lagoon Plant............... 972,000 kW-hours/year
Objective E, Seasonal..........c..ccoeevvennne. 940,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity .........cocceeeevienieneenennn (32,000) kW-hours/year
Percent.......cccovveevciieniieiece e 3)%

Increase per Volume of Plant Flow ........ (140) kW-hours/ MG
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TABLE 10-41.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE E SEASONALLY

Yearly Energy Required
Existing Facultative Lagoon Plant.......... 136,000 kW-hours/year
Objective E, Seasonal .........cccveruvrernnenne. 940,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity..........cceceeeveerienieneenne. 804,000 kW-hours/year
Percent .......oovviiiiiiiiee e 591%

Increase per Volume of Plant Flow........ 3,524 kW-hours/MG

TABLE 10-42.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED
LAGOON AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE E

SEASONALLY
Additional Area Required for Upgrade (square feet)
Plant Design Capacity (mgd) Aecrated Lagoon Plants Facultative Lagoon Plants
0.5 (348,500) (392,000)
5 (6,791,000) (7,226,600)
50 (72,435,900) (76,791,900)

10.3.6 Objective F
Process Description

To achieve Objective F seasonally for lagoons rated up to 5.0 mgd, the existing lagoons would be
abandoned in place and new liquid and solids treatment facilities would be constructed the same as for the
seasonal Objective F upgrade for extended aeration plants. Table 4-31 summarizes the process design
data.

To achieve Objective F seasonally for lagoons rated greater than 5.0 mgd, the existing lagoons would be
abandoned in place and new liquid and solids treatment facilities would be constructed the same as for the
seasonal Objective F upgrade for CAS plants. Table 5-21 summarizes the process design data.

Recycled Loads

For plants rated up to 5.0 mgd, recycled loads for upgrades to achieve Objective F seasonally would be
the same as given for upgraded extended aeration plants in Section 4.3.6. For plants rated greater than
5.0 mgd, recycled loads would be the same as given for upgraded CAS plants in Section 5.3.6.

Sludge Production

For plants rated up to 5.0 mgd, sludge production for upgrades to achieve Objective F seasonally would
be the same as given for upgraded extended aeration plants in Section 4.3.6. For plants rated greater than
5.0 mgd, sludge production would be the same as given for upgraded CAS plants in Section 5.3.6.
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Energy Consumption

Upgrading an aerated or facultative lagoon plant to achieve Objective B seasonally would change the
plant energy requirements as shown in Table 10-43 or 10-44, respectively.

TABLE 10-43.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE F SEASONALLY

Yearly Energy Required
Existing Aerated Lagoon Plant............... 972,000 kW-hours/year
Objective F, Seasonal..........cccceeevvenennnen. 1,045,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity .........ccceeceerverienieneenne. 73,000 kW-hours/year
Percent......cocevveniniiiieneninicccnceee 8%

Increase per Volume of Plant Flow........ 320 kW-hours/MG

TABLE 10-44.
ADDITIONAL ENERGY CONSUMPTION FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE F SEASONALLY

Yearly Energy Required
Existing Facultative Lagoon Plant ......... 136,000 kW-hours/year
Objective F, Seasonal..........ccccceevueeneenne. 1,045,000 kW-hours/year
Energy Increase for Upgrade
Annual Quantity...........cceeeeeereeeiieeieenenns 909,000 kW-hours/year
Percent.......coceeieienininieicceees 668%

Increase per Volume of Plant Flow........ 3,984 kW-hours/MG

Chemical Usage

For plants rated up to 5.0 mgd, chemical usage for upgrades to achieve Objective F seasonally would be
the same as given for upgraded extended aeration plants in Section 4.3.6. For plants rated greater than
5.0 mgd, chemical usage would be the same as given for upgraded CAS plants in Section 5.3.6.

Footprint Requirements

Table 10-45 compares the additional footprint area for upgrading existing lagoon plants to achieve
Objective B seasonally for the three generic plant capacities.
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TABLE 10-45.
ADDITIONAL FOOTPRINT REQUIREMENTS FOR UPGRADING AERATED
LAGOON AND FACULTATIVE LAGOON PLANTS TO ACHIEVE OBJECTIVE F

SEASONALLY
Additional Area Required for Upgrade (square feet)
Plant Design Capacity (mgd) Aerated Lagoon Plants Facultative Lagoon Plants
0.5 (348,500) (392,000)
5 (6,786,600) (7,222,200)
50 (72,435,000) (76,791,000)
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TABLE 10-3.

BIOWIN RESULTS FOR AERATED OR FACULTATIVE LAGOONS FOR OBJECTIVES C AND D

Year-Round Nutrient Removal

Seasonal Nutrient Removal

MMWW AWW ADW MMDW ADW
Description Obj.C Obj.D || Obj.C Obj.D || Obj.C Obj.D | Obj.C Obj.D || Obj.C Obj.D
Nutrient Removal Goals
TIN (mg/L) — — — — — — = = = =
TP (mg/L) <1 <0.1 <1 <0.1 <1 <0.1 <1 <0.1 <1 <0.1
Plant Size, Average Temperature
Influent Flow, mgd 1.00 1.00 0.75 0.75 0.50 0.50 0.69 0.69 0.50 0.50
Temp, °C 10 10 10 10 15 15 15 15 15 15
Influent
BOD 22.5 22,5 30 30 45 45 32.6 32.6 45 45
TSS 22.5 22.5 30 30 45 45 32.6 32.6 45 45
VSS 16 16 21 21 32 32 23 23 32 32
TKN 10 10 13.3 13.3 20 20 14.5 14.5 20 20
TP 4 4 5.3 5.3 8 8 5.8 5.8 8 8
Alkalinity 2.5 2.5 3.35 3.35 5 5 3.6 3.6 5 5
pH 7 7 7 7 8.5 8.5 8.5 8.5 8.5 8.5
Existing Lagoon Partition
Area of the partition 43,560 43,560 43,560 43,560 43,560
Volume 1.3 1.3 1.3 1.3 1.3
Clarifier
Area, ft? 2,000 2,000 || 2,000 2,000 || 2,000 2,000 | 2,000 2,000 [f 2,000 2,000
Surface Overflow Rate, gal/ft’ 525 525 375 375 250 250 345 345 250 250
Thickener / Dewatering Unit
% Removal Efficiency 99% 99% 99% 99% 99% 99% 99% 99% 99% 99%
Tertiary Filters
Filter Area (ft2) 555 555 555 380 380
Chemical Addition
Alum Dosage, gpd 55 160 55 140 70 140 70 140 70 140
Effluent
BOD, mg/L 13.47 9.07 || 17.43 4.16 |[ 25.24 2.38 | 18.58 3.11 | 25.24 2.38
TSS, mg/L 5.1 1.2 4.0 0.9 2.8 0.6 3.8 0.9 2.8 0.6
Phosphorous, mg/L 0.63 0.09 0.52 0.07 0.67 0.05 0.65 0.07 0.67 0.05
Ammonia N, mg/L 6.6 6.34 8.78 8.48 13.2 1234 | 9.57 9.16 132  12.34
TIN, mg/L 6.6 6.35 8.78 8.48 13.2 13.08 | 9.57 13.08 || 13.2 13.08
pH 6.81 6.66 6.81 6.78 7.29 6.79 7.29 6.79 7.29 6.79
TN returned from thickener, ppd 87.04 91.2 || 86.83 91.1 || 87.05 90.62 | 87.09 91.08 || 87.05 90.62
TP Returned from Thickener, ppd 33.71 36.48 || 33.51 35.12 || 33.78 34.48 | 33.78 35.13 || 33.78 34.48
% TN Recycled 436% 9.35% || 4.37% 9.51% || 4.38% 8.66% | 4.37% 9.15% || 4.38% 8.66%
% TP Recycled 1.05% 9.35% || 1.08% 5.94% || 1.26% 3.36% | 1.21% 5.25% || 1.26% 3.36%

S:\Active\135-20352-09001 ECY Nutrient Removal WWTP\reports\Final Report May 2011\Tables 10-2 and 10-3_formatted.xls
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CHAPTER 11.
COST EVALUATION, OBJECTIVE A

11.1 YEAR-ROUND NUTRIENT REMOVAL
11.1.1 Extended Aeration Plants

Table 11-1 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A year-round for an extended aeration plant using mechanical aeration.
Figures 11-1 and 11-2 show graphs of the capital and O&M costs, respectively. The estimates are given in
dollars per gallon per day of plant capacity. Table 11-2 and Figures 11-3 and 11-4 summarize these costs
for an extended aeration plant using diffuser aeration. Tables 11-3 and 11-4 present the annualized unit
costs for reducing nutrient loads for mechanical aeration and diffuser aeration plants, respectively.

TABLE 11-1.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (MECHANICAL
AERATION) PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND

l-mgd Plant 10—mgd Plant IOO—mgd Plant

Capital Cost per gpd of Plant Capacity $4.78 $2.26 $2.20
Incremental Annual O&M Cost per gpd of Plant Capacity $0.21 $0.01 ($0.02)

TABLE 11-2.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (DIFFUSER
AERATION) PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND

1-mgd Plant 10-mgd Plant 100-mgd Plant

Capital Cost per gpd of Plant Capacity $1.07 $0.75 $0.31
Incremental Annual O&M Cost per gpd of Plant Capacity $0.02 ($0.05) ($0.05)
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Figure 11-1. Capital Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded
for Objective A Year-Round
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Figure 11-2. O&M Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded
for Objective A Year-Round
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Figure 11-3. Capital Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded for

Objective A Year-Round
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Figure 11-4. O&M Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded for

Objective A Year-Round
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TABLE 11-3.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EXTENDED
AERATION (MECHANICAL AERATION) PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND

l-mgd Plant 10-mgd Plant 100-mgd Plant

Annualized Capital Cost $351,414 $1,656,556 $16,134,708
2014 Incremental O&M Cost $234.218 $142,715 -$2,068,685
Total Annual Cost $585,632 $1,799,270 $14,066,023
Annual TIN Load Reduction (1b/yr) 35,259 352,590 3,525,900
Estimated Unit Cost for TIN Reduction ($/lb TIN removed) $16.61 $5.10 $3.99
EQUAIONIE ...ttt ettt ettt ettt y=363.87x""
R-SQUATE VAIUC: ..ottt ettt e eee 0.8746

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

TABLE 11-4.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EXTENDED
AERATION (DIFFUSER AERATION) PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND

l—mgd Plant 10-mgd Plant IOO—mgd Plant

Annualized Capital Cost $78,303 $554,242 $2,298,201
2014 Incremental O&M Cost $19,584 -$526,175 -$5,747,411
Total Annual Cost $97.,887 $28,066 -$3,449,210
Annual TIN Load Reduction (Ib/yr) 35,223 352,225 3,522,250

Estimated Cost for TIN Reduction ($/1b TIN removed) $2.78 $0.08 -$0.98

Equation and R-Square Value« —

a. Equation and R-square value not determined because annual cost estimates are below the level of precision that
can be achieved using the CapdetWorks cost model.
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11.1.2 Conventional Activated Sludge Plants

Table 11-5 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A year-round for a conventional activated sludge plant. Figures 11-5 and
11-6 show graphs of the capital and O&M costs, respectively. The estimates are given in dollars per
gallon per day of plant capacity. Table 11-6 presents the annualized unit costs for reducing nutrient loads.

TABLE 11-5.
ESTIMATED COST PER CAPACITY FOR UPGRADING CAS PLANT TO ACHIEVE
OBJECTIVE A YEAR-ROUND
1-mgd Plant 10-mgd Plant 150-mgd Plant
Capital Cost per gpd of Plant Capacity $6.63 $4.55 $3.32
Incremental Annual O&M Cost per gpd of Plant Capacity $0.23 $0.13 $0.08
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Figure 11-5. Capital Cost per Plant Capacity for CAS Plant Upgraded for Objective A Year-Round
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Figure 11-6. O&M Cost per Plant Capacity for CAS Plant Upgraded for Objective A Year-Round

TABLE 11-6.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING CAS PLANT TO
ACHIEVE OBJECTIVE A YEAR-ROUND

l—mgd Plant

lO-mgd Plant

150—m§_;d Plant

Annualized Capital Cost $487.,073 $3,341,694 $36,630,838
2014 O&M Cost $262,642 $1,451,579 $13,597.004
Total Annual Cost $749,715 $4,793,273 $50,209,841
Annual TIN Load Reduction (1b/yr) 35,551 355,510 5,332,650
Estimated Cost for TIN Reduction ($/Ib TIN removed) $21.09 $13.48 $9.42
BQUALIONIE ..ottt ettt ettt enean y=109.71x"1°
R-SQUATE ValUE: ...ttt ettt et et e st enae e e et R2=0.9878

x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)
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11.1.3 Sequencing Batch Reactor Plants

Table 11-7 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A year-round for an SBR plant. Figures 11-7 and 11-8 show graphs of the
capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 11-8 presents the annualized unit costs for reducing nutrient loads.

TABLE 11-7.
ESTIMATED COST PER CAPACITY FOR UPGRADING SBR PLANT TO ACHIEVE
OBJECTIVE A YEAR-ROUND

O.S—mgd Plant 2-mgd Plant IO—mgd Plant

Capital Cost per gpd of Plant Capacity $0.45 $0.24 $0.18
Incremental Annual O&M Cost per gpd of Plant Capacity $0.01 $0.01 $0.004
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Figure 11-7. Capital Cost per Plant Capacity for SBR Plant Upgraded for Objective A Year-Round
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Figure 11-8. O&M Cost per Plant Capacity for SBR Plant Upgraded for Objective A Year-Round

TABLE 11-8.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING SBR PLANT TO
ACHIEVE OBJECTIVE A YEAR-ROUND
0.5-mgd Plant 2-mgd Plant 10-mgd Plant
Annualized Capital Cost $16,607 $34,807 $132,134
2014 O&M Cost $4,615 $11,368 $43,332
Total Annual Cost $21,221 $46,175 $175,466
Annual TIN Load Reduction (Ib/yr) 2,245 8,979 44,895
Estimated Cost for TIN Reduction ($/1b TIN removed) $9.45 $5.14 $3.91
BEQUALIONIT ..ottt ettt bbb bbbt b bbbt et y = 83.25x "
RoSQUATE VAU ....eiiiiieiie ettt et e s e st e e s e e naae e naeeneeas R2=0.9344
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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11.1.4 Trickling Filter, Trickling Filter/Solids Contact and Rotating
Biological Contactor Plants

Table 11-9 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A year-round for a trickling filter plant. Figures 11-9 and 11-10 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 11-10 and Figures 11-11 and 11-12 summarize these costs for a trickling
filter/solids contact plant. Table 11-11 and Figures 11-13 and 11-14 summarize these costs for an RBC
plant. Tables 11-12, 11-13 and 11-14 present the annualized unit costs for reducing nutrient loads for TF,
TF/SC and RBC plants, respectively.

TABLE 11-9.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER PLANT TO
ACHIEVE OBJECTIVE A YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $8.19 $5.83 $3.82
Incremental Annual O&M Cost per gpd of Plant Capacity $0.29 $0.15 $0.08

TABLE 11-10.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER/SOLIDS CONTACT
PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND

l—mgd Plant lO—mgd Plant 150—mgd Plant

Capital Cost per gpd of Plant Capacity $6.91 $5.27 $3.50
Incremental Annual O&M Cost per gpd of Plant Capacity $0.18 $0.13 $0.07

TABLE 11-11.
ESTIMATED COST PER CAPACITY FOR UPGRADING RBC PLANT TO ACHIEVE
OBJECTIVE A YEAR-ROUND

l—mgd Plant lO—mgd Plant 150—mgd Plant

Capital Cost per gpd of Plant Capacity $8.19 $5.85 $3.87
Incremental Annual O&M Cost per gpd of Plant Capacity $0.35 $0.16 $0.09
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Figure 11-9. Capital Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective A Year-
Round
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Figure 11-10. O&M Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective A Year-
Round
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Figure 11-11. Capital Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for

Objective A Year-Round
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Figure 11-12. O&M Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for

Objective A Year-Round
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Figure 11-13. Capital Cost per Plant Capacity for RBC Upgraded for Objective A Year-Round
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TABLE 11-12.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TRICKLING
FILTER PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Annualized Capital Cost $601,194 $4,278,563 $42,098,874
2014 O&M Cost $328,594 $1,672,797 $13,518,789
Total Annual Cost $929,791 $5,951,361 $55,617,663
Annual TIN Load Reduction (1b/yr) 35,551 355,510 5,332,650
Estimated Cost for TIN Reduction ($/Ib TIN removed) $26.15 $16.74 $10.43
BQUATION:IT ..ottt s st et et e ettt esn s s s es s s st seeens y=176.78x"'%
RoSQUATE VAIUC: ...ttt ettt e sbeessesbaesbaenseenaesneennas 0.9991
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)

TABLE 11-13.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TRICKLING
FILTER/SOLIDS CONTACT PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Annualized Capital Cost $507,744 $3,870,296 $38,592.,858
2014 O&M Cost $203,721 $1,409,147 $11,856,412
Total Annual Cost $711,465 $5,279,443 $50,449,270
Annual TIN Load Reduction (Ib/yr) 35,551 355,510 5,332,650
Estimated Cost for TIN Reduction ($/Ib TIN removed) $20.01 $14.85 $9.46
BQUATIONIT ..ottt ettt et et et et a e en s e st seseseseae y=97.972x""
RSQUATE VAIUC: ...ttt ettt e st e esaesbaenbaenseenaeeseennas 0.995
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)

TABLE 11-14.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING RBC PLANT
TO ACHIEVE OBJECTIVE A YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $601,523 $4,298,964 $42,622,884
2014 O&M Cost $389,616 $1,824,178 $14,526,119
Total Annual Cost $991,139 $6,123,143 $57,149,004
Annual TIN Load Reduction (1b/yr) 35,551 355,510 5,332,650
Estimated Cost for TIN Reduction ($/Ib TIN removed) $27.88 $17.22 $10.72
BQUATIONIT ..ottt sttt ettt et s s st ettt s aeaeas y=201.67x""
RSQUATE VAIUC: ..ottt ettt ettt e esa e s ebeenseenaeeneennas 0.9974
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)
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11.1.5 Membrane Biological Reactor Plants

No new facilities or activities are required to achieve Objective A for MBR plants, so there are no
associated capital or O&M costs.

11.1.6 High-Purity Oxygen Activated Sludge Plants

Table 11-15 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A year-round for an HPO activated sludge plant. Figures 11-15 and 11-16
show graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per
day of plant capacity. Table 11-16 presents the annualized unit costs for reducing nutrient loads.

TABLE 11-15.
ESTIMATED COST PER CAPACITY FOR UPGRADING HPO PLANT TO ACHIEVE
OBJECTIVE A YEAR-ROUND

20-mgd Plant 220-mgd Plant
Capital Cost per gpd of Plant Capacity $3.91 $3.03
Incremental Annual O&M Cost per gpd of Plant Capacity $0.19 $0.14
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Figure 11-15. Capital Cost per Plant Capacity for HPO Plant Upgraded for Objective A Year-Round
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Figure 11-16. O&M Cost per Plant Capacity for HPO Plant Upgraded for Objective A Year-Round

TABLE 11-16.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING HPO PLANT
TO ACHIEVE OBJECTIVE A YEAR-ROUND
20-mgd Plant 220-mgd Plant

Annualized Capital Cost $5,745,000 $48,960,000
2014 O&M Cost $4,172,000 $35,520,000
Total Annual Cost $9,917,000 $87,480,000
Annual TIN Load Reduction (1b/yr) 761,390 8,375,290
Estimated Cost for TIN Reduction ($/1b TIN removed) $13.00 $10.10
EQUALION:IT ...ttt ettt e e n e een e en e y = 54.946x "%
RoSQUATE VAlUC: ...ttt ettt et et e et et enteenseenaeeneenas 1
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)
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11.1.7 Aerated or Facultative Lagoon Plants

Table 11-17 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A year-round for an aerated lagoon plant. Figures 11-17 and 11-18 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 11-18 and Figures 11-19 and 11-20 summarize these costs for a facultative
lagoon plant. Tables 11-19 and 11-20 present the annualized unit costs for reducing nutrient loads for
aerated lagoon and facultative lagoon plants, respectively.

TABLE 11-17.
ESTIMATED COST PER CAPACITY FOR UPGRADING AERATED LAGOON PLANT TO
ACHIEVE OBJECTIVE A YEAR-ROUND

0.5-mgd 50-mgd
Plant 1-mgd Plant _5-mgd Plant Plant
Capital Cost per gpd of Plant Capacity $22.33 $17.04 $11.18 $6.58
Incremental Annual O&M Cost per gpd of Plant Capacity $0.91 $0.53 $0.23 $0.11
TABLE 11-18.

ESTIMATED COST PER CAPACITY FOR UPGRADING FACULTATIVE LAGOON PLANT TO
ACHIEVE OBJECTIVE A YEAR-ROUND

0.5-mgd 50-mgd
Plant 1-mgd Plant _5-mgd Plant Plant
Capital Cost per gpd of Plant Capacity $22.19 $16.92 $11.09 $6.53
Incremental Annual O&M Cost per gpd of Plant Capacity $1.18 $0.77 $0.40 $0.14
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Figure 11-17. Capital Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective A Year-
Round
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Figure 11-18. O&M Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective A Year-

Round
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Figure 11-19. Capital Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective A

Year-Round
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Figure 11-20. O&M Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective A Year-
Round
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TABLE 11-19.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND
0.5-mgd Plant 1-mgd Plant 5-mgd Plant 50-mgd Plant
Annualized Capital Cost $82,0052 $1,251,455 $4,106,942  $24,168,643
2014 O&M Cost $512,439 $598,073  $1,321,179  $6,109,993
Total Annual Cost $1,332,490  $1,849,528 $5,428,120  $30,278,636
Annual TIN Load Reduction (1b/yr) 17,593 35,186 175,930 1,755,650
Estimated Cost for TIN Reduction ($/Ib TIN removed) $75.74 $52.26 $30.85 $17.25
BQUATIONIT ...ttt ettt ettt a e ee et s et an s s s nnn y = 1458.7x %"
RoSQUATE VAIUC: ...ttt et sta e beebeesseessessaesseenseenseenes 0.982
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)
TABLE 11-20.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE A YEAR-ROUND
0.5-mgd Plant 1-mgd Plant 5-mgd Plant 50-mgd Plant
Annualized Capital Cost $815,034 $1,242,982  $4,073,790  $23,994,247
2014 O&M Cost $665,608 $861,751  $2,224,005  $7,997,263
Total Annual Cost $1,480,641  $2,104,734  $6,297,796  $31,991,510
Annual TIN Load Reduction (Ib/yr) 17,593 35,186 175,930 1,755,650
Estimated Cost for TIN Reduction ($/Ib TIN removed) $63.89 $44.77 $35.80 $18.22
EQUALIONIE ..ottt ettt e et ee et n et n e y = 725.24x"%
R-SQUATE VAIUE: ...ttt sttt 0.9728
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)
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11.2 SEASONAL NUTRIENT REMOVAL
11.2.1 Extended Aeration Plants

Table 11-21 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A seasonally for an extended aeration plant using mechanical aeration.
Figures 11-21 and 11-22 show graphs of the capital and O&M costs, respectively. The estimates are given
in dollars per gallon per day of plant capacity. Table 11-22 and Figures 11-23 and 11-24 summarize these
costs for an extended aeration plant using diffuser aeration. Tables 11-23 and 11-24 present the
annualized unit costs for reducing nutrient loads for mechanical aeration and diffuser aeration plants,
respectively.

TABLE 11-21.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (MECHANICAL
AERATION) PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

l-mgd Plant 10-mgd Plant 100-mgd Plant

Capital Cost per gpd of Plant Capacity $4.37 $2.28 $2.27
Incremental Annual O&M Cost per gpd of Plant Capacity $0.22 $0.04 $0.01

TABLE 11-22,
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (DIFFUSER
AERATION) PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

l—mgd Plant 10-mgd Plant 100—m§_;d Plant

Capital Cost per gpd of Plant Capacity $0.64 $0.79 $0.40
Incremental Annual O&M Cost per gpd of Plant Capacity $0.03 ($0.02) ($0.02)
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Figure 11-21. Capital Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant
Upgraded for Objective A Seasonally
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Figure 11-22. O&M Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded

for Objective A Seasonal
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Figure 11-23. Capital Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded
for Objective A Seasonally
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Figure 11-24. O&M Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded for
Objective A Seasonal
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TABLE 11-23.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EA
(MECHANICAL AERATION) PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

l-mgd Plant 10-mgd Plant lOO—mgd Plant
Annualized Capital Cost $320,823 $1,674,036 $16,642,677
2014 O&M Cost $243,560 $433,659 $901,533
Total Annual Cost $564,383 $2,107,695 $17,544,210
Annual TIN Load Reduction (1b/yr) 19,418 194,180 1,941,800
Estimated Cost for TIN Reduction ($/Ib TIN removed) $29.06 $10.85 $9.04
BQUATIONIT ...ttt ettt ea s s et et e s et e s et e s e s senes s s s enannn y =310.83x"%*
RoSQUATE VAIUC: ..ottt ettt st e et eesae s e sseeseenseessesssenseensaens 0.8639

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

TABLE 11-24.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EA
(DIFFUSER AERATION) PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

1-mgd Plant 10-mgd Plant 100-mgd Plant
Annualized Capital Cost $46,889 $579,949 $2,904,885
2014 O&M Cost $28,926 -$235,231 -$2,777,193
Total Annual Cost $75,815 $344,717 $127,692
Annual TIN Load Reduction (Ib/yr) 19,400 193,998 1,939,975
Estimated Cost for TIN Reduction ($/Ib TIN removed) $3.91 $1.78 $0.07
BQUALION:T ..ottt e et eene s y =32735x "%
R-SQUATE VAIUC: <.ttt sttt et e sseesaeeseenseeneasseenneens 0.8901

a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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11.2.2 Conventional Activated Sludge Plants

Table 11-25 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A seasonally for a conventional activated sludge plant. Figures 11-25 and
11-26 show graphs of the capital and O&M costs, respectively. The estimates are given in dollars per
gallon per day of plant capacity. Table 11-26 presents the annualized unit costs for reducing nutrient

loads.
TABLE 11-25.
ESTIMATED COST PER CAPACITY FOR UPGRADING CAS PLANT TO ACHIEVE
OBJECTIVE A SEASONALLY
1-mgd Plant 10-mgd Plant _ 150-mgd Plant
Capital Cost per gpd of Plant Capacity $2.35 $1.18 $1.40
Incremental Annual O&M Cost per gpd of Plant Capacity $0.16 $0.04 $0.02
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Figure 11-25. Capital Cost per Plant Capacity for CAS Plant Upgraded for Objective A Seasonally
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Figure 11-26. O&M Cost per Plant Capacity for CAS Plant Upgraded for Objective A Seasonal

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING CAS PLANT TO
ACHIEVE OBJECTIVE A SEASONALLY

TABLE 11-26.

a.

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $172,242 $864,178 $15,467,709
2014 O&M Cost $177,887 $486,220 $3,598,252
Total Annual Cost $350,129 $1,350,397 $19,065,961
Annual TIN Load Reduction (1b/yr) 19,455 194,545 2,918,175
Estimated Cost for TIN Reduction ($/Ib TIN removed) $18.00 $6.94 $6.53
BQUATION:T ...ttt ettt s e eeease st et e s et et et e s e s es s eenssas s s esesesesetesenens y = 105.86x"""
R-SQUATE VAIUC: ottt ettt ettt e sb e esbeessesbaesbeenseessesnneens 0.7559

x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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11.2.3 Sequencing Batch Reactor Plants

Table 11-27 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A seasonally for an SBR plant. Figures 11-27 and 11-28 show graphs of
the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 11-28 presents the annualized unit costs for reducing nutrient loads.

TABLE 11-27.
ESTIMATED COST PER CAPACITY FOR UPGRADING SBR PLANT TO ACHIEVE
OBJECTIVE A SEASONALLY

O.S—mgd Plant 2-mgd Plant IO—mgd Plant

Capital Cost per gpd of Plant Capacity $0.42 $0.22 $0.16
Incremental Annual O&M Cost per gpd of Plant Capacity $0.00 ($0.00) $0.0004
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Figure 11-27. Capital Cost per Plant Capacity for SBR Plant Upgraded for Objective A Seasonally
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Figure 11-28. O&M Cost per Plant Capacity for SBR Plant Upgraded for Objective A Seasonal

TABLE 11-28.
UNIT NUTRIENT REMOVAL COSTS FOR UPGRADING SBR PLANT TO ACHIEVE
OBJECTIVE A SEASONALLY
0.5-mgd Plant 2-mgd Plant 10-mgd Plant
Annualized Capital Cost $15,578 $31,979 $117,738
2014 O&M Cost $1,576 -$563 $3,939
Total Annual Cost $17,154 $31,417 $121,677
Annual TIN Load Reduction (Ib/yr) 246 986 4,928
Estimated Cost for TIN Reduction ($/Ib TIN removed) $69.63 $31.88 $24.69
BQUATION:T <.ttt es e e st es e e s s et e s et e s et e s e s esesesnsnan s eseseseseeesesenens y = 408.67x "
R-SQUATE VAIUE: ...ttt et sttt e st e et e st eestaeennaeennas 0.8967
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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11.2.4 Trickling Filter, Trickling Filter/Solids Contact and Rotating
Biological Contactor Plants

Table 11-29 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A seasonally for a trickling filter plant. Figures 11-29 and 11-30 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 11-30 and Figures 11-31 and 11-32 summarize these costs for a trickling
filter/solids contact plant. Table 11-31 and Figures 11-33 and 11-34 summarize these costs for an RBC
plant. Tables 11-32, 11-33 and 11-34 present the annualized unit costs for reducing nutrient loads for TF,
TF/SC and RBC plants, respectively.

TABLE 11-29.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER PLANT TO
ACHIEVE OBJECTIVE A SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $4.68 $2.80 $2.18
Incremental Annual O&M Cost per gpd of Plant Capacity $0.22 $0.06 $0.02

TABLE 11-30.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER/SOLIDS CONTACT
PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Capital Cost per gpd of Plant Capacity $2.94 $2.11 $1.77
Incremental Annual O&M Cost per gpd of Plant Capacity $0.11 $0.04 $0.01

TABLE 11-31.
ESTIMATED COST PER CAPACITY FOR UPGRADING RBC PLANT TO ACHIEVE
OBJECTIVE A SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Capital Cost per gpd of Plant Capacity $4.71 $2.83 $2.22
Incremental Annual O&M Cost per gpd of Plant Capacity $0.27 $0.08 $0.03
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Figure 11-30. O&M Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective A Seasonal
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Figure 11-32. O&M Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for
Objective A Seasonal
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Figure 11-34. O&M Cost per Plant Capacity for RBC Plant Upgraded for Objective A Seasonal
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TABLE 11-32.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TF PLANT TO
ACHIEVE OBJECTIVE A SEASONALLY

l—mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $344,062 $2,059,887 $24,020,776
2014 O&M Cost $243,841 $707,439 $3,538,037
Total Annual Cost $587,903 $2,767,326 $27,558,813
Annual TIN Load Reduction (1b/yr) 19,455 194,545 2,918,175
Estimated Cost for TIN Reduction ($/Ib TIN removed) $30.22 $14.22 $9.44
BQUATION:T <.ttt se s e s et e st et et e s e s s s ssnenan s eneseseseseseseeens y =270.37x"%
R-SQUATE VAIUC: .ottt ettt esb e st et e e enseensesneeens 0.9541

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

TABLE 11-33.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TF/SC PLANT
TO ACHIEVE OBJECTIVE A SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $216,251 $1,552,823 $19,453,578
2014 O&M Cost $118,966 $443,788 $1,875,660
Total Annual Cost $335,217 $1,996,611 $21,329,238
Annual TIN Load Reduction (Ib/yr) 19,455 194,545 2,918,175
Estimated Cost for TIN Reduction ($/Ib TIN removed) $17.23 $10.26 $7.31
BQUATION:T ...ttt e et et et s et et ssess s s s s et eseseseseseaens y=88.118x""
R-SQUATE VAIUC: .ottt et ettt ettt e e e s e e enseeneesnaeens 0.9724

a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

TABLE 11-34.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING RBC PLANT TO
ACHIEVE OBJECTIVE A SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $345,625 $2,077,327 $24,474,041
2014 O&M Cost $304,861 $858,819 $4,545,367
Total Annual Cost $650,486 $2,936,146 $29,019,409
Annual TIN Load Reduction (Ib/yr) 19,455 194,545 2,918,175
Estimated Cost for TIN Reduction ($/Ib TIN removed) $33.44 $15.09 $9.94
BQUATION:T ...ttt ettt ettt et et s s sassss s s s s eseseseseseseaens y =327.02x "
R-SQUATE ValUC: .ttt et ettt et enb e e e et ebeenneensesneeens 0.9503

a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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11.2.5 Membrane Biological Reactor Plants

No new facilities or activities are required to achieve Objective A for MBR plants, so there are no
associated capital or O&M costs.

11.2.6 High-Purity Oxygen Activated Sludge Plants

Table 11-35 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A seasonally for an HPO plant. Figures 11-35 and 11-36 show graphs of
the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 11-36 presents the annualized unit costs for reducing nutrient loads.

TABLE 11-35.
ESTIMATED COST PER CAPACITY FOR UPGRADING HPO PLANT TO ACHIEVE
OBJECTIVE A SEASONALLY
20-mgd Plant 220-mgd Plant
Capital Cost per gpd of Plant Capacity $1.22 $1.24
Incremental Annual O&M Cost per gpd of Plant Capacity $0.11 $0.09
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Figure 11-35. Capital Cost per Plant Capacity for HPO Plant Upgraded for Objective A Seasonal
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Figure 11-36. O&M Cost per Plant Capacity for HPO Plant Upgraded for Objective A Seasonal

TABLE 11-36.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING HPO PLANT
TO ACHIEVE OBJECTIVE A SEASONALLY

20-mgd Plant 220-mgd Plant
Annualized Capital Cost $1,785,000 $19,957,000
2014 O&M Cost $2,381,000 $21,479,000
Total Annual Cost $4,166,000 $41,436,000
Annual TIN Load Reduction (1b/yr) 401,500 4,416,500
Estimated Cost for TIN Reduction ($/Ib TIN removed) $10.40 $9.40
EQUALIONIE ....oiviieieieeeeeeeeeeeeee ettt ettt y = 17.903x
R-SQUATE VAIUC: ...ttt ettt e et e et eebeesebaeenseesnbaennseenes 1

a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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11.2.7 Aerated or Facultative Lagoon Plants

Table 11-37 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective A seasonally for an aerated lagoon plan. Figures 11-37 and 11-38 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 11-38 and Figures 11-39 and 11-40 summarize these costs for a facultative
lagoon plant. Tables 11-39 and 11-40 present the annualized unit costs for reducing nutrient loads for
aerated lagoon and facultative lagoon plants, respectively.

TABLE 11-37.
ESTIMATED COST PER CAPACITY FOR UPGRADING AERATED LAGOON PLANT TO
ACHIEVE OBJECTIVE A SEASONALLY

0.5-mgd 50-mgd
Plant 1-mgd Plant _5-mgd Plant Plant
Capital Cost per gpd of Plant Capacity $21.49 $16.16 $10.54 $6.78
Incremental Annual O&M Cost per gpd of Plant Capacity $0.87 $0.51 $0.22 $0.08
TABLE 11-38.

ESTIMATED COST PER CAPACITY FOR UPGRADING FACULTATIVE LAGOON PLANT TO
ACHIEVE OBJECTIVE A SEASONALLY

0.5-mgd 1-mgd 50-mgd
Plant Plant 5-mgd Plant Plant
Capital Cost per gpd of Plant Capacity $21.35 $16.04 $10.45 $6.74
Incremental Annual O&M Cost per gpd of Plant Capacity $1.14 $0.74 $0.38 $0.11
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Figure 11-38. O&M Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective A Seasonal
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TABLE 11-39.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

O.S-mgd Plant l—mgd Plant 5—mgd Plant 50—mgd Plant

Annualized Capital Cost $789,070 $1,186,818  $3,870,397 $24,915,789
2014 O&M Cost $490,941 $570,779  $1,212,069  $4,519,475
Total Annual Cost $1,280,011 $1,757,597  $5,087,466  $29,465,265
Annual TIN Load Reduction (1b/yr) 10,476 20,951 104,755 972,725
Estimated Cost for TIN Reduction ($/1b TIN removed) $122.19 $83.89 $48.57 $30.29
BQUALIONIE ..ottt ettt ettt et et n et n e y = 1747.8x%*
R-SqUATE VAlUC: ..ottt ettt ettt et et e eneeene 0.9681

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

TABLE 11-40.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE A SEASONALLY

O.S-mgd Plant l—mgd Plant S—mgd Plant SO—mgd Plant

Annualized Capital Cost $783,969 $1,178,345  $3,837,246 $24,741,394
2014 O&M Cost $644,111 $834,458 $2,119,896  $6,436,745
Total Annual Cost $1,428,080  $2,012,803  $5,957,141 $31,178,139
Annual TIN Load Reduction (Ib/yr) 10,476 20,951 104,755 972,725
Estimated Cost for TIN Reduction ($/Ib TIN removed) $136.33 $96.07 $56.87 $32.05
BQUATIONI ..ottt ettt s et ettt e s et et eseess s s s es et e s et et eseaeas y =2251.9x""
R-SQUATE VAIUC: ..ottt ettt et enb e saaeesa e beenseeneesnaeens 0.9857

a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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CHAPTER 12.
COST EVALUATION, OBJECTIVE B

12.1 YEAR-ROUND NUTRIENT REMOVAL
12.1.1 Extended Aeration Plants

Table 12-1 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B year-round for an extended aeration plant using mechanical aeration.
Figures 12-1 and 12-2 show graphs of the capital and O&M costs, respectively. The estimates are given in
dollars per gallon per day of plant capacity. Table 12-2 and Figures 12-3 and 12-4 summarize these costs
for an extended aeration plant using diffuser aeration. Tables 12-3 and 12-4 present the annualized unit
costs for reducing nutrient loads for mechanical aeration and diffuser aeration plants, respectively.

TABLE 12-1.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (MECHANICAL
AERATION) PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

l-mgd Plant 10—mgd Plant IOO—mgd Plant

Capital Cost per gpd of Plant Capacity $5.57 $2.65 $2.38
Incremental Annual O&M Cost per gpd of Plant Capacity $0.34 $0.07 $0.02

TABLE 12-2.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (DIFFUSER
AERATION) PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

1-mgd Plant 10-mgd Plant 100-mgd Plant

Capital Cost per gpd of Plant Capacity $1.85 $1.15 $0.49
Incremental Annual O&M Cost per gpd of Plant Capacity $0.15 $0.02 ($0.01)
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Figure 12-1. Capital Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded
for Objective B Year-Round
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Figure 12-2. O&M Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded
for Objective B Year-Round
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Figure 12-3. Capital Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded for

Objective B Year-Round
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TABLE 12-3.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EXTENDED
AERATION (MECHANICAL AERATION) PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

l-mgd Plant 10-mgd Plant 100-mgd Plant

Annualized Capital Cost $408,762 $1,947,903 $17,463,507
2014 Incremental O&M Cost $382,230 $840,600 $2,183,065
Total Annual Cost $790,992 $2,788,504 $19,646,572
Annual TIN Load Reduction (1b/yr) 44932 449,315 4,493,150
Estimated Unit Cost for TIN Reduction ($/Ib TIN removed) $17.60 $6.21 $4.37
BQUATION:T .....eeieieceeeeeeeeeeeeee ettt e et e et se s s et e s e s et e e e e esserenenanans y = 400.88x "
RoSQUATE VAIUC: ...ttt et sttt ettt e e saeesaesseenbeessesnnesneeens 0.9243

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

TABLE 12-4.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EXTENDED
AERATION (DIFFUSER AERATION) PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

1-mgd Plant IO—mgd Plant IOO—mgd Plant
Annualized Capital Cost $135,652 $845,590 $3,627,000
2014 Incremental O&M Cost $167,595 $171,710 -$1,495,661
Total Annual Cost $303,247 $1,017,300 $2,131,340
Annual TIN Load Reduction (1b/yr) 44,932 449,315 4,493,150
Estimated Cost for TIN Reduction ($/Ib TIN removed) $6.75 $2.26 $0.47
BQUAIONIT ..ottt a bbbt s st s s y =3595.5x"""
RoSQUATE VAIUC: .ottt sttt ettt b e enbessaessa e seensesnsesnneens 0.9895

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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12.1.2 Conventional Activated Sludge Plants

Table 12-5 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B year-round for a conventional activated sludge plant. Figures 12-5 and
12-6 show graphs of the capital and O&M costs, respectively. The estimates are given in dollars per
gallon per day of plant capacity. Table 12-6 presents the annualized unit costs for reducing nutrient loads.

TABLE 12-5.
ESTIMATED COST PER CAPACITY FOR UPGRADING CAS PLANT TO ACHIEVE
OBJECTIVE B YEAR-ROUND

l—mgd Plant 10-mgd Plant 150—mgd Plant

Capital Cost per gpd of Plant Capacity $7.63 $5.15 $3.44
Incremental Annual O&M Cost per gpd of Plant Capacity $0.32 $0.16 $0.10
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Figure 12-5. Capital Cost per Plant Capacity for CAS Plant Upgraded for Objective B Year-Round
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Figure 12-6. O&M Cost per Plant Capacity for CAS Plant Upgraded for Objective B Year-Round

TABLE 12-6.

ACHIEVE OBJECTIVE B YEAR-ROUND

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING CAS PLANT TO

l—mgd Plant lO-mgd Plant lSO—mg_g,d Plant
Annualized Capital Cost $560,269 $3,785,071 $37,928,146
2014 O&M Cost $359,351 $1,824,403 $16,486,747
Total Annual Cost $919,620 $5,6094,74 $54,414,620
Annual TIN Load Reduction (1b/yr) 45,443 454,425 6,816,375
Estimated Cost for TIN Reduction ($/Ib TIN removed) $20.24 $12.34 $7.98
BQUALIONIE ..ottt ettt ettt eenean y=143.71x"1%
R-SqUATE ValUC: ...t ettt et esneenae e e et 0.9931

x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)
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12.1.3 Sequencing Batch Reactor Plants

Table 12-7 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B year-round for an SBR plant. Figures 12-7 and 12-8 show graphs of the
capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 12-8 presents the annualized unit costs for reducing nutrient loads.

TABLE 12-7.
ESTIMATED COST PER CAPACITY FOR UPGRADING SBR PLANT TO ACHIEVE
OBJECTIVE B YEAR-ROUND

O.S—mgd Plant 2-mgd Plant IO—mgd Plant

Capital Cost per gpd of Plant Capacity $1.98 $0.96 $0.59
Incremental Annual O&M Cost per gpd of Plant Capacity $0.70 $0.31 $0.14
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Figure 12-7. Capital Cost per Plant Capacity for SBR Plant Upgraded for Objective B Year-Round
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Figure 12-8. O&M Cost per Plant Capacity for SBR Plant Upgraded for Objective B Year-Round

TABLE 12-8.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING SBR PLANT TO
ACHIEVE OBJECTIVE B YEAR-ROUND
0.5-mgd Plant 2-mgd Plant 10-mgd Plant
Annualized Capital Cost $72.824 $140,735 $432,604
2014 O&M Cost $393,776 $688,910 $1,543,846
Total Annual Cost $466,600 $829,644 $1,976,450
Annual TIN Load Reduction (1b/yr) 2,537 10,147 50,735
Estimated Cost for TIN Reduction ($/Ib TIN removed) $183.94 $81.76 $38.96
EQUALIONIE ...ttt ettt ettt ettt nnna y =10207x""
R-SQUATE VAIUE: ...ttt st st R2=0.9953
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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12.1.4 Trickling Filter, Trickling Filter/Solids Contact and Rotating
Biological Contactor Plants

Table 12-9 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B year-round for a trickling filter plant. Figures 12-9 and 12-10 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 12-10 and Figures 12-11 and 12-12 summarize these costs for a trickling
filter/solids contact plant. Table 12-11 and Figures 12-13 and 12-14 summarize these costs for an RBC
plant. Tables 12-12, 12-13 and 12-14 present the annualized unit costs for reducing nutrient loads for TF,
TF/SC and RBC plants, respectively.

TABLE 12-9.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER PLANT TO
ACHIEVE OBJECTIVE B YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $9.18 $6.43 $3.94
Incremental Annual O&M Cost per gpd of Plant Capacity $0.38 $0.18 $0.10

TABLE 12-10.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER/SOLIDS CONTACT
PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

l—mgd Plant lO—mgd Plant 150—mgd Plant

Capital Cost per gpd of Plant Capacity $7.91 $5.87 $3.62
Incremental Annual O&M Cost per gpd of Plant Capacity $0.27 $0.16 $0.09

TABLE 12-11.
ESTIMATED COST PER CAPACITY FOR UPGRADING RBC PLANT TO ACHIEVE
OBJECTIVE B YEAR-ROUND

l—mgd Plant lO—mgd Plant 150—mgd Plant

Capital Cost per gpd of Plant Capacity $9.19 $6.46 $3.99
Incremental Annual O&M Cost per gpd of Plant Capacity $0.43 $0.20 $0.10
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Figure 12-9. Capital Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective B Year-

Round
310 TF 1o AEDRP-PABR+MN
e Year Araurd TIN < 2 mz-NfL
L O&M Cost
Al —
[
_ |
z \
-
o 015
ey §
- i
L] 4
T o0 N
= . Ry
a Re=0.9915
e N a.
“ .
° T
ot T
L1 S —tr
ks
.00 . .
i} 5 100 150
Dazlgn Capaclty (MGD)

Figure 12-10. O&M Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective B Year-

Round
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Figure 12-11. Capital Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for
Objective B Year-Round
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Figure 12-12. O&M Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for
Objective B Year-Round
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Figure 12-13. Capital Cost per Plant Capacity for RBC Upgraded for Objective B Year-Round
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TABLE 12-12.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TRICKLING
FILTER PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Annualized Capital Cost $674,390 $4,721,940 $43,396,182
2014 O&M Cost $425,306 $2,045,622 $16,426,259
Total Annual Cost $1,099,696 $6,767,562 $59,822.,441
Annual TIN Load Reduction (1b/yr) 45,443 454,425 6,816,375
Estimated Cost for TIN Reduction ($/Ib TIN removed) $24.20 $14.89 $8.78
BQUATION:IT ..ottt s st et et e ettt esn s s s es s s st seeens y =209.97x "
RoSQUATE VAIUC: ...ttt ettt e sbeessesbaesbaenseenaesneennas 0.9995
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)

TABLE 12-13.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TRICKLING
FILTER/SOLIDS CONTACT PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Annualized Capital Cost 580,940 4,313,673 39,890,166
2014 O&M Cost 300,431 1,781,972 14,763,883
Total Annual Cost 881,371 6,095,644 54,654,049
Annual TIN Load Reduction (1b/yr) 45,443 454,425 6,816,375
Estimated Cost for TIN Reduction ($/Ib TIN removed) 19.40 13.41 8.02
BQUALIONIT ..ottt s s y=130.75x"""
RSQUATE VAIUC: ...ttt ettt e st e esaesbaenbaenseenaeeseennas 0.9977
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)

TABLE 12-14.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING RBC PLANT
TO ACHIEVE OBJECTIVE B YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $674,719 $4,742,341 $43,920,192
2014 O&M Cost $486,325 $2,197,003 $17,433,590
Total Annual Cost $1,161,044 $6,939,344 $61,353,782
Annual TIN Load Reduction (Ib/yr) 45,443 454,425 6,816,375
Estimated Cost for TIN Reduction ($/Ib TIN removed) $25.55 $15.27 $9.00
EQUALIOMI® ..o e eeeseee e eee s e e e s ee e e eees s eeeseeeeee s seseeees y =234.42x "%
RSQUATE VAIUC: ..ottt ettt ettt e esa e s ebeenseenaeeneennas 0.9985
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)
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12.1.5 Membrane Biological Reactor Plants

Table 12-15 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B year-round for an MBR plant. Figures 12-15 and 12-16 show graphs of
the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 12-16 presents the annualized unit costs for reducing nutrient loads.

TABLE 12-15.
ESTIMATED COST PER CAPACITY FOR UPGRADING MBR PLANT TO ACHIEVE
OBJECTIVE B YEAR-ROUND

l—mgd Plant lO—mgd Plant IOO—mgd Plant

Capital Cost per gpd of Plant Capacity $0.031 $0.004 $0.002
Incremental Annual O&M Cost per gpd of Plant Capacity $0.016 $0.016 $0.016
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Figure 12-15. Capital Cost per Plant Capacity for MBR Plant Upgraded for Objective B Year-Round

12-14





...12. COST EVALUATION, OBJECTIVE B

MBR to MBR+M
0.01% Year Araund TIN < 3 mg-N/L
Q&M Cost
note = — —
~0.014
=
i
o
—0.012
= y = 0.016
o Ri-
0010
=
5
D n.oos
S 0006
0.004
0.002
n-':loo T T T T T 1
0 20 10 el &0 100 120 140
Dasign Capacity (MGD]

Figure 12-16. O&M Cost per Plant Capacity for MBR Plant Upgraded for Objective B Year-Round

TABLE 12-16.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING MBR PLANT
TO ACHIEVE OBJECTIVE B YEAR-ROUND
1-mgd Plant 10-mgd Plant 100-mgd Plant

Annualized Capital Cost $2,284 $2,916 $17,745
2014 O&M Cost $17,973 $179,730 $1,797,297
Total Annual Cost $20,257 $182,646 $1,815,042
Annual TIN Load Reduction (1b/yr) 9,527 95,265 952,650
Estimated Cost for TIN Reduction ($/Ib TIN removed) $2.13 $1.92 $1.91
EQUALION:E ...ttt ettt ettt eaenena y = 2.6028x "
R-SQUATE VAIUE: ...ttt ettt 0.7858
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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12.1.6 High-Purity Oxygen Activated Sludge Plants

Table 12-17 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B year-round for an HPO activated sludge plant. Figures 12-17 and 12-18
show graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per
day of plant capacity. Table 12-18 presents the annualized unit costs for reducing nutrient loads.

TABLE 12-17.
ESTIMATED COST PER CAPACITY FOR UPGRADING HPO PLANT TO ACHIEVE
OBJECTIVE B YEAR-ROUND

20-mgd Plant 220-mgd Plant
Capital Cost per gpd of Plant Capacity $4.60 $3.67
Incremental Annual O&M Cost per gpd of Plant Capacity $0.22 $0.17
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Figure 12-17. Capital Cost per Plant Capacity for HPO Plant Upgraded for Objective B Year-Round
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Figure 12-18. O&M Cost per Plant Capacity for HPO Upgraded for Objective B Year-Round

TABLE 12-18.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING HPO PLANT
TO ACHIEVE OBJECTIVE B YEAR-ROUND
20-mgd Plant 220-mgd Plant

Annualized Capital Cost $6,760,000 $59,304,000
2014 O&M Cost $4,991,000 $42,269,000
Total Annual Cost $11,751,000 $101,573,000
Annual TIN Load Reduction (Ib/yr) 962,870 10,591,570
Estimated Cost for TIN Reduction ($/1b TIN removed) $12.20 $9.60
EQUALIONIE ...ttt ettt ettt ettt y = 48.664x 1%
RoSQUATE VAU ....oiiiiieiiieeee et ettt st e st e e s e e stbeessaeesnaeessaeenneas 1
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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12.1.7 Aerated or Facultative Lagoon Plants

Table 12-19 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B year-round for an aerated lagoon plant. Figures 12-19 and 12-20 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 12-20 and Figures 12-21 and 12-22 summarize these costs for a facultative
lagoon plant. Tables 12-21 and 12-22 present the annualized unit costs for reducing nutrient loads for
aerated lagoon and facultative lagoon plants, respectively.

TABLE 12-19.
ESTIMATED COST PER CAPACITY FOR UPGRADING AERATED LAGOON PLANT TO
ACHIEVE OBJECTIVE B YEAR-ROUND

0.5-mgd 50-mgd
Plant 1-mgd Plant _5-mgd Plant Plant
Capital Cost per gpd of Plant Capacity $23.46 $17.78 $11.93 $7.75
Incremental Annual O&M Cost per gpd of Plant Capacity $1.10 $0.67 $0.30 $0.14
TABLE 12-20.

ESTIMATED COST PER CAPACITY FOR UPGRADING FACULTATIVE LAGOON PLANT TO
ACHIEVE OBJECTIVE B YEAR-ROUND

0.5-mgd 50-mgd
Plant 1-mgd Plant _5-mgd Plant Plant
Capital Cost per gpd of Plant Capacity $23.32 $17.67 $11.84 $7.70
Incremental Annual O&M Cost per gpd of Plant Capacity $1.37 $0.90 $0.46 $0.17
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Figure 12-19. Capital Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective B Year-
Round
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Figure 12-20. O&M Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective B Year-
Round
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Figure 12-21. Capital Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective B

Year-Round
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Figure 12-22. O&M Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective B Year-
Round
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TABLE 12-21.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

O.S-mgd Plant l-mgd Plant S-mgd Plant SO-mgd Plant

Annualized Capital Cost $861,410 $1,306,182  $4,380,684  $28,454,843
2014 O&M Cost $616,861 $752,106  $1,685,034  $7,948,371
Total Annual Cost $1,478,272  $2,058,287  $6,065,718  $36,403,214
Annual TIN Load Reduction (Ib/yr) 22,429 44,859 224,293 2,224,675
Estimated Cost for TIN Reduction ($/Ib TIN removed) $65.91 $45.88 $27.04 $16.36
BQUATIONIT ...ttt ettt ettt a e ee et s et an s s s nnn y = 1139.5x"*”
RoSQUATE VAIUC: ...ttt et sta e beebeesseessessaesseenseenseenes 0.9733
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/1b TIN removed)

TABLE 12-22.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE B YEAR-ROUND

0.5-mgd Plant 1-mgd Plant 5-mgd Plant 50-mgd Plant

Annualized Capital Cost $856,392 $1,297,709  $4,347,532  $28,280,447
2014 O&M Cost $770,030 $1,015,784  $2,587,861 $9,835,641
Total Annual Cost $1,626,423  $2,313,496 $6,935,394  $38,116,088
Annual TIN Load Reduction (1b/yr) 22,429 44,859 224,293 2,224,675
Estimated Cost for TIN Reduction ($/Ib TIN removed) $72.51 $51.57 $30.92 $17.13
EQUALIONIE ..ottt ettt ettt ettt arneaas y = 1441.6x%%%
RoSQUATE VAIUC: ..ottt ettt ettt e st eeeete e ssbeessaeesabaenee s 0.9871

a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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12.2 SEASONAL NUTRIENT REMOVAL
12.2.1 Extended Aeration Plants

Table 12-23 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B seasonally for an extended aeration plant using mechanical aeration.
Figures 12-23 and 12-24 show graphs of the capital and O&M costs, respectively. The estimates are given
in dollars per gallon per day of plant capacity. Table 12-24 and Figures 12-25 and 12-26 summarize these
costs for an extended aeration plant using diffuser aeration. Tables 12-25 and 12-26 present the
annualized unit costs for reducing nutrient loads for mechanical aeration and diffuser aeration plants,

respectively.

TABLE 12-23.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (MECHANICAL
AERATION) PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

l-mgd Plant 10-mgd Plant 100-mgd Plant

Capital Cost per gpd of Plant Capacity $4.96 $2.54 $2.30
Incremental Annual O&M Cost per gpd of Plant Capacity $0.32 $0.07 $0.02

TABLE 12-24.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (DIFFUSER
AERATION) PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

l—mgd Plant 10-mgd Plant 100—mgd Plant

Capital Cost per gpd of Plant Capacity $1.23 $1.06 $0.43
Incremental Annual O&M Cost per gpd of Plant Capacity $0.13 $0.01 ($0.01)
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Figure 12-23. Capital Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant
Upgraded for Objective B Seasonally
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Figure 12-24. O&M Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded
for Objective B Seasonal
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Figure 12-25. Capital Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded
for Objective B Seasonally
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Figure 12-26. O&M Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded for
Objective B Seasonal
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TABLE 12-25.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EA
(MECHANICAL AERATION) PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

1-mgd Plant 10-mgd Plant 100-mgd Plant
Annualized Capital Cost $364,187 $1,869,240 $16,922,633
2014 O&M Cost $357,321 $835,184 $2,809,833
Total Annual Cost $721,508 $2,704,424 $19,732,466
Annual TIN Load Reduction (1b/yr) 23,305 233,053 2,330,525
Estimated Cost for TIN Reduction ($/Ib TIN removed) $30.96 $11.60 $8.47
BQUATIONIT ...ttt ettt ea s s et et e s et e s et e s e s senes s s s enannn y = 469.64x %!
RoSQUATE VAIUC: ..ottt ettt st e et eesae s e sseeseenseessesssenseensaens 0.9188

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

TABLE 12-26.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EA ((DIFFUSER
AERATION) PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

1-mgd Plant 10-mgd Plant lOO—mgd Plant

Annualized Capital Cost $90,253 $775,153 $3,184,841
2014 O&M Cost $142,686 $166,294 -$868,893
Total Annual Cost $232,940 $941,447 $2,315,948
Annual TIN Load Reduction (1b/yr) 23,287 232,870 2,328,700
Estimated Cost for TIN Reduction ($/Ib TIN removed) $10.00 $4.04 $0.99
BQUATIONIT ..oeieiiieeeeeee ettt ettt ses sttt s et e et ee e an s e s snn y =262.5x"%
RSQUATE VAIUC: ..ottt et e s se e beesbeensessaesneenneenseenns 0.9957

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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12.2.2 Conventional Activated Sludge Plants

Table 12-27 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B seasonally for a conventional activated sludge plant. Figures 12-27 and
12-28 show graphs of the capital and O&M costs, respectively. The estimates are given in dollars per
gallon per day of plant capacity. Table 12-28 presents the annualized unit costs for reducing nutrient

loads.
TABLE 12-27.
ESTIMATED COST PER CAPACITY FOR UPGRADING CAS PLANT TO ACHIEVE
OBJECTIVE B SEASONALLY
1-mgd Plant 10-mgd Plant _ 150-mgd Plant
Capital Cost per gpd of Plant Capacity $2.83 $1.62 $1.30
Incremental Annual O&M Cost per gpd of Plant Capacity $0.22 $0.06 $0.03
1.0 CAS to 4BDP-+N
L Seasonal TIN < 3 mg-N/L
Capital Cost
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Figure 12-27. Capital Cost per Plant Capacity for CAS Plant Upgraded for Objective B Seasonally
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Figure 12-28. O&M Cost per Plant Capacity for CAS Plant Upgraded for Objective B Seasonal

TABLE 12-28.

ACHIEVE OBJECTIVE B SEASONALLY

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING CAS PLANT TO

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $207,608 $1,190,435 $14,350,478
2014 O&M Cost $245,065 $691,484 $4,846,582
Total Annual Cost $452,673 $1,881,920 $19,197,060
Annual TIN Load Reduction (Ib/yr) 22,685 226,848 3,402,713
Estimated Cost for TIN Reduction ($/Ib TIN removed) $19.95 $8.30 $5.64
BQUATION:T ...ttt et e e e e st es et et et et et e s esescsnenan s esasesesesesesenens y =217.78x"*¥
R-SQUATE VAIUC: .ottt ettt ess e et e eba e beenseessesneeens 0.9303
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12.2.3 Sequencing Batch Reactor Plants

Table 12-29 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B seasonally for an SBR plant. Figures 12-29 and 12-30 show graphs of
the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 12-30 presents the annualized unit costs for reducing nutrient loads.

TABLE 12-29.
ESTIMATED COST PER CAPACITY FOR UPGRADING SBR PLANT TO ACHIEVE
OBJECTIVE B SEASONALLY

O.S—mgd Plant 2-mgd Plant IO—mgd Plant

Capital Cost per gpd of Plant Capacity $1.81 $0.85 $0.50
Incremental Annual O&M Cost per gpd of Plant Capacity $0.59 $0.24 $0.10
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Figure 12-29. Capital Cost per Plant Capacity for SBR Plant Upgraded for Objective B Seasonally
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Figure 12-30. O&M Cost per Plant Capacity for SBR Plant Upgraded for Objective B Seasonal

TABLE 12-30.
UNIT NUTRIENT REMOVAL COSTS FOR UPGRADING SBR PLANT TO ACHIEVE
OBJECTIVE B SEASONALLY

0.5-mgd Plant 2-mgd Plant 10-mgd Plant
Annualized Capital Cost $66,552 $125,538 $365,384
2014 O&M Cost $332,581 $545,450 $1,098,542
Total Annual Cost $399,132 $670,988 $1,460,926
Annual TIN Load Reduction (Ib/yr) 475 1,898 9,490
Estimated Cost for TIN Reduction ($/Ib TIN removed) $841.16 $353.52 $153.94
BQUALION:E ...ttt ettt ettt ee e een e e y =26701x"%
R-SQUATE VAIUE: ...ttt st eaeen 0.997

a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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12.2.4 Trickling Filter, Trickling Filter/Solids Contact and Rotating
Biological Contactor Plants

Table 12-31 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B seasonally for a trickling filter plant. Figures 12-31 and 12-32 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 12-32 and Figures 12-33 and 12-34 summarize these costs for a trickling
filter/solids contact plant. Table 12-33 and Figures 12-35 and 12-36 summarize these costs for an RBC
plant. Tables 12-34, 12-35 and 12-36 present the annualized unit costs for reducing nutrient loads for TF,
TF/SC and RBC plants, respectively.

TABLE 12-31.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER PLANT TO
ACHIEVE OBJECTIVE B SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $5.17 $3.25 $2.08
Incremental Annual O&M Cost per gpd of Plant Capacity $0.28 $0.08 $0.03

TABLE 12-32.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER/SOLIDS CONTACT
PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Capital Cost per gpd of Plant Capacity $3.43 $2.56 $1.66
Incremental Annual O&M Cost per gpd of Plant Capacity $0.17 $0.06 $0.02
TABLE 12-33.

ESTIMATED COST PER CAPACITY FOR UPGRADING RBC PLANT TO ACHIEVE
OBJECTIVE B SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Capital Cost per gpd of Plant Capacity $5.19 $3.27 $2.12
Incremental Annual O&M Cost per gpd of Plant Capacity $0.33 $0.09 $0.03
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Figure 12-31. Capital Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective B

Seasonally
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Figure 12-32. O&M Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective B Seasonal
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Figure 12-33. Capital Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for
Objective B Seasonally
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Figure 12-34. O&M Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for
Objective B Seasonal
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Figure 12-35. Capital Cost per Plant Capacity for RBC Plant Upgraded for Objective B Seasonally
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Figure 12-36. O&M Cost per Plant Capacity for RBC Plant Upgraded for Objective B Seasonal
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TABLE 12-34.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TF PLANT TO
ACHIEVE OBJECTIVE B SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $379,427 $2,386,145 $22.903,545
2014 O&M Cost $311,020 $912,703 $4,786,367
Total Annual Cost $690,447 $3,298,848 $27,689,912
Annual TIN Load Reduction (Ib/yr) 22,685 226,348 3,402,713
Estimated Cost for TIN Reduction ($/Ib TIN removed) $30.44 $14.54 $8.14
BQUATION:T <.ttt se s e s et e st et et e s e s s s ssnenan s eneseseseseseseeens y =400.95x 2%
R-SQUATE VAIUC: ettt ettt e essesaa e s e beenseensesneeens 0.9866

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

TABLE 12-35.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TF/SC PLANT
TO ACHIEVE OBJECTIVE B SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $251,616 $1,879,081 $8,336,346
2014 O&M Cost $186,145 $649,053 $3,123,990
Total Annual Cost $437,761 $2,528,134 $21,460,337
Annual TIN Load Reduction (Ib/yr) 22,685 226,348 3,402,713
Estimated Cost for TIN Reduction ($/Ib TIN removed) $19.30 $11.14 $6.31
BQUATION:T ...ttt e et et et s et et ssess s s s s et eseseseseseaens y = 177.89x"%*
R-SQUATE VAIUC: .ottt et ettt ettt e e e s e e enseeneesnaeens 0.9986

a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

TABLE 12-36.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING RBC PLANT TO
ACHIEVE OBJECTIVE B SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $380,990 $2,403,585 $23,356,810
2014 O&M Cost $372,040 $1,064,084 $5,793,697
Total Annual Cost $753,030 $3,467,669 $29,150,507
Annual TIN Load Reduction (1b/yr) 22,685 226,848 3,402,713
Estimated Cost for TIN Reduction ($/Ib TIN removed) $33.20 $15.29 $8.57
EQUALION:E ..ottt ettt ettt y = 464.91x %%
R-SQUATE VAIUC: ...ttt e et e e st e snaeessbeeesseesssaennnas 0.9831

a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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12.2.5 Membrane Biological Reactor Plants

Table 12-37 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B seasonally for an MBR plant. Figures 12-37 and 12-38 show graphs of
the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 12-38 presents the annualized unit costs for reducing nutrient loads.

TABLE 12-37.

OBJECTIVE B SEASONALLY

ESTIMATED COST PER CAPACITY FOR UPGRADING MBR PLANT TO ACHIEVE

1-mgd Plant 10-mgd Plant _ 100-mgd Plant
Capital Cost per gpd of Plant Capacity $0.029 $0.004 $0.002
Incremental Annual O&M Cost per gpd of Plant Capacity $0.013 $0.013 $0.013
Sassonal TIN < 3 mg-NfL
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Figure 12-37. Capital Cost per Plant Capacity for MBR Plant Upgraded for Objective B Seasonally
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Figure 12-38. O&M Cost per Plant Capacity for MBR Plant Upgraded for Objective B Seasonal

TABLE 12-38.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING MBR PLANT
TO ACHIEVE OBJECTIVE B SEASONALLY
1-mgd Plant 10-mgd Plant 100-mgd Plant

Annualized Capital Cost $2,512 $2,864 $15,211
2014 O&M Cost $14,378 $143,784 $1,437,838
Total Annual Cost $16,530 $146,648 $1,453,049
Annual TIN Load Reduction (1b/yr) 3,814 38,143 381,425
Estimated Cost for TIN Reduction ($/Ib TIN removed) $4.33 $3.84 $3.81
BQUALIONIT ..ottt ettt en s s sttt aenens y = 5.3439x %%
RoSQUATE VAU ....oeiiiieie ettt ettt e e st e e stte e s sbeesnaeesnseenneas 0.7958
a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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12.2.6 High-Purity Oxygen Activated Sludge Plants

Table 12-39 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B seasonally for an HPO plant. Figures 12-39 and 12-40 show graphs of
the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 12-40 presents the annualized unit costs for reducing nutrient loads.

TABLE 12-39.
ESTIMATED COST PER CAPACITY FOR UPGRADING HPO PLANT TO ACHIEVE
OBJECTIVE B SEASONALLY
20-mgd Plant 220-mgd Plant
Capital Cost per gpd of Plant Capacity $1.71 $1.60
Incremental Annual O&M Cost per gpd of Plant Capacity $0.13 $0.10
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Figure 12-39. Capital Cost per Plant Capacity for HPO Plant Upgraded for Objective B Seasonal
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Figure 12-40. O&M Cost per Plant Capacity for HPO Upgraded for Objective B Seasonal

TABLE 12-40.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING HPO PLANT
TO ACHIEVE OBJECTIVE B SEASONALLY

20-mgd Plant 220-mgd Plant
Annualized Capital Cost $2,508,000 $25,791,880
2014 O&M Cost $3,002,000 $25,942,000
Total Annual Cost $5,510,185 $51,734,000
Annual TIN Load Reduction (1b/yr) 479,975 5,279,725
Estimated Cost for TIN Reduction ($/Ib TIN removed) $11.50 $9.80
EQUALION:IE ...o.ooioiiieeeeeeeeeeeeeeeeee ettt ettt een e y =27.215x%°
R-SQUATE VAIUE: ...ttt sttt 1

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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12.2.7 Aerated or Facultative Lagoon Plants

Table 12-41 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective B seasonally for an aerated lagoon plan. Figures 12-41 and 12-42 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 12-42 and Figures 12-43 and 12-44 summarize these costs for a facultative
lagoon plant. Tables 12-43 and 12-44 present the annualized unit costs for reducing nutrient loads for
aerated lagoon and facultative lagoon plants, respectively.

TABLE 12-41.
ESTIMATED COST PER CAPACITY FOR UPGRADING AERATED LAGOON PLANT TO
ACHIEVE OBJECTIVE B SEASONALLY

0.5-mgd 50-mgd
Plant 1-mgd Plant _5-mgd Plant Plant
Capital Cost per gpd of Plant Capacity $22.30 $16.67 $11.02 $6.65
Incremental Annual O&M Cost per gpd of Plant Capacity $1.02 $0.61 $0.26 $0.11
TABLE 12-42.

ESTIMATED COST PER CAPACITY FOR UPGRADING FACULTATIVE LAGOON PLANT TO
ACHIEVE OBJECTIVE B SEASONALLY

0.5-mgd 1-mgd 50-mgd
Plant Plant 5-mgd Plant Plant
Capital Cost per gpd of Plant Capacity $22.16 $16.55 $10.93 $6.60
Incremental Annual O&M Cost per gpd of Plant Capacity $1.29 $0.84 $0.42 $0.14
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Figure 12-41. Capital Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective B

Seasonally
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Figure 12-42. O&M Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective B Seasonal
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Figure 12-43. Capital Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective B
Seasonally
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Figure 12-44. O&M Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective B
Seasonal
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TABLE 12-43.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

O.S-mgd Plant l—mgd Plant 5—mgd Plant 50—mgd Plant

Annualized Capital Cost $819,066 $1,224,063  $4,047,995 $24,419,256
2014 O&M Cost $573,765 $687,016  $1,437,528  $6,243,366
Total Annual Cost $1,392,831  $1,991,080 $5,485,523 $30,662,622
Annual TIN Load Reduction (Ib/yr) 11,534 23,068 115,340 1,134,238
Estimated Cost for TIN Reduction ($/1b TIN removed) $120.76 $82.85 $47.56 $27.03
BQUALIONIE ..ottt ettt ettt et et n et n e y=2132.1x%"
R-SqUATE VAlUC: ..ottt ettt ettt et et e eneeene 0.979

a. x= Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)

TABLE 12-44.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE B SEASONALLY

O.S-mgd Plant l—mgd Plant S—mgd Plant SO—mgd Plant

Annualized Capital Cost $813,966 $1,215,590 $4,014,843  $24,244,860
2014 O&M Cost $726,934 $950,695  $2,340,355  $8,130,636
Total Annual Cost $1,540,900  $2,166,285  $6,355,198 $32,375,496
Annual TIN Load Reduction (Ib/yr) 11,534 23,068 115,340 1,134,238
Estimated Cost for TIN Reduction ($/Ib TIN removed) $133.60 $93.91 $55.10 $28.54
BQUATIONI ..ottt ettt s et ettt e s et et eseess s s s es et e s et et eseaeas y =2798.3x 3%
R-SQUATE VAIUC: ..ottt ettt et enb e saaeesa e beenseeneesnaeens 0.9928

a. x = Annual TIN Load Reduction (Ib), y= Estimated Cost for TIN Reduction ($/Ib TIN removed)
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CHAPTER 13.
COST EVALUATION, OBJECTIVE C

13.1 YEAR-ROUND NUTRIENT REMOVAL
13.1.1 Extended Aeration Plants

Table 13-1 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C year-round for an extended aeration plant using mechanical aeration.
Figures 13-1 and 13-2 show graphs of the capital and O&M costs, respectively. The estimates are given in
dollars per gallon per day of plant capacity. Table 13-2 and Figures 13-3 and 12-4 summarize these costs
for an extended aeration plant using diffuser aeration. Tables 13-3 and 13-4 present the annualized unit
costs for reducing nutrient loads for mechanical aeration and diffuser aeration plants, respectively.

TABLE 13-1.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (MECHANICAL
AERATION) PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

l-mgd Plant 10—mgd Plant IOO—mgd Plant

Capital Cost per gpd of Plant Capacity $0.78 $0.23 $0.24
Incremental Annual O&M Cost per gpd of Plant Capacity $0.19 $0.14 $0.13

TABLE 13-2.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (DIFFUSER
AERATION) PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

1-mgd Plant 10-mgd Plant 100-mgd Plant

Capital Cost per gpd of Plant Capacity $1.00 $0.46 $0.29
Incremental Annual O&M Cost per gpd of Plant Capacity $0.14 $0.10 $0.09
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Figure 13-1. Capital Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded
for Objective C Year-Round
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Figure 13-2. O&M Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded
for Objective C Year-Round

13-2





...13. COST EVALUATION, OBJECTIVE C

i ZA (DA} to DAC
’ Vear Arourd TP < 1 mg-P/L
Capitzl Cost
1O e
= 08 H
[ |
&
- §
= Ll
[ L]
< o5 L Y= 00515 o
£ . Ki=0051%
= b
= ‘-\
- Py,
E ous -
e
LW
7.0 T ,
L] ] 3ik L1 Bl inn 140 14k
Design Capacity [MED)

Figure 13-3. Capital Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded for

Objective C Year-Round
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Figure 13-4. O&M Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded for

Objective C Year-Round
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TABLE 13-3.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EXTENDED
AERATION (MECHANICAL AERATION) PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

l-mgd Plant 10-mgd Plant 100-mgd Plant

Annualized Capital Cost $57,213 $166,499 $1,778,664
2014 Incremental O&M Cost $212,440 $1,594,852 $14,156,762
Total Annual Cost $269,653 $1,761,350 $15,935,426
Annual TP Load Reduction (Ib/yr) 11,060 110,595 1,105,950
Estimated Unit Cost for TP Reduction ($/Ib TP removed) $24.38 $15.93 $14.41
EQUAIONIE ...ttt ettt ettt ettt y = 66.869x '
R-SQUATE VAIUC: ..ottt ettt e eee 0.8869

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

TABLE 13-4.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EXTENDED
AERATION (DIFFUSER AERATION) PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

1-mgd Plant 10-mgd Plant 100-mgd Plant |
Annualized Capital Cost $73,409 $340,278 $2,119,024
2014 Incremental O&M Cost $161,961 $1,157,141 $9.,837,060
Total Annual Cost $235,369 $1,497,419 $11,956,083
Annual TP Load Reduction (Ib/yr) 11,023 110,230 1,102,300
Estimated Cost for TP Reduction ($/Ib TP removed) $21.35 $13.58 $10.85
EQUALIONIE ...ttt ettt ettt y =80.732x"'Y
R-SqUATE VAIUC: ..ottt ettt et eee R2=0.9636

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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13.1.2 Conventional Activated Sludge Plants

Table 13-5 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C year-round for a conventional activated sludge plant. Figures 13-5 and
13-6 show graphs of the capital and O&M costs, respectively. The estimates are given in dollars per
gallon per day of plant capacity. Table 13-6 presents the annualized unit costs for reducing nutrient loads.

TABLE 13-5.
ESTIMATED COST PER CAPACITY FOR UPGRADING CAS PLANT TO ACHIEVE
OBJECTIVE C YEAR-ROUND

l—mgd Plant 10-mgd Plant 150—mgd Plant

Capital Cost per gpd of Plant Capacity $1.22 $0.25 $0.27
Incremental Annual O&M Cost per gpd of Plant Capacity $0.22 $0.14 $0.12
14 CA4S to CAS+C
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Figure 13-5. Capital Cost per Plant Capacity for CAS Plant Upgraded for Objective C Year-Round
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Figure 13-6. O&M Cost per Plant Capacity for CAS Plant Upgraded for Objective C Year-Round

TABLE 13-6.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING CAS PLANT TO
ACHIEVE OBJECTIVE C YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $89,810 $184,134 $2,946,787
2014 O&M Cost $251,872 $1,558,830 $20,042,160
Total Annual Cost $341,682 $1,742,963 $22,988,948
Annual TP Load Reduction (1b/yr) 11,425 114,245 1,713,675
Estimated Cost for TP Reduction ($/Ib TP removed) $29.91 $15.26 $13.41
BQUATION:IT ..oeieieieeeieeeeeeeeeeeeeeeee ettt ettt et ee s s s et et e e e s sasesas s es et et eseseseseenenes y = 116.06x""
R-SQUATE VAIUC: ..ottt ettt st e st e enbeesnbaesnneesnneas 0.834
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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13.1.3 Sequencing Batch Reactor Plants

Table 13-7 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C year-round for an SBR plant. Figures 13-7 and 13-8 show graphs of the
capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 13-8 presents the annualized unit costs for reducing nutrient loads.

TABLE 13-7.
ESTIMATED COST PER CAPACITY FOR UPGRADING SBR PLANT TO ACHIEVE
OBJECTIVE C YEAR-ROUND

O.S—mgd Plant 2-mgd Plant IO—mgd Plant

Capital Cost per gpd of Plant Capacity $1.44 $0.47 $0.20
Incremental Annual O&M Cost per gpd of Plant Capacity $0.10 $0.02 $0.01
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Figure 13-7. Capital Cost per Plant Capacity for SBR Plant Upgraded for Objective C Year-Round
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Figure 13-8. O&M Cost per Plant Capacity for SBR Plant Upgraded for Objective C Year-Round

TABLE 13-8.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING SBR PLANT TO
ACHIEVE OBJECTIVE C YEAR-ROUND
0.5-mgd Plant 2-mgd Plant 10-mgd Plant
Annualized Capital Cost $52,792 $68.,370 $143,846
2014 O&M Cost $55,144 $43,585 $77,885
Total Annual Cost $107,936 $1,11,956 $221,731
Annual TP Load Reduction (Ib/yr) 2,099 8,395 41,975
Estimated Cost for TP Reduction ($/Ib TP removed) $51.43 $13.34 $5.28
EQUALIONIE ...ttt ettt ettt e ettt nnna y = 14903x "7
R-SQUATE VAIUE: ...ttt sttt 0.9777
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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13.1.4 Trickling Filter, Trickling Filter/Solids Contact and Rotating
Biological Contactor Plants

Table 13-9 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C year-round for a trickling filter plant. Figures 13-9 and 13-10 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 13-10 and Figures 13-11 and 13-12 summarize these costs for a trickling
filter/solids contact plant. Table 13-11 and Figures 13-13 and 13-14 summarize these costs for an RBC
plant. Tables 13-12, 13-13 and 13-14 present the annualized unit costs for reducing nutrient loads for TF,
TF/SC and RBC plants, respectively.

TABLE 13-9.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER PLANT TO
ACHIEVE OBJECTIVE C YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $1.22 $0.25 $0.27
Incremental Annual O&M Cost per gpd of Plant Capacity $0.21 $0.13 $0.11

TABLE 13-10.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER/SOLIDS CONTACT
PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

l—mgd Plant lO—mgd Plant 150—mgd Plant

Capital Cost per gpd of Plant Capacity $1.22 $0.25 $0.27
Incremental Annual O&M Cost per gpd of Plant Capacity $0.22 $0.13 $0.11

TABLE 13-11.
ESTIMATED COST PER CAPACITY FOR UPGRADING RBC PLANT TO ACHIEVE
OBJECTIVE C YEAR-ROUND

l—mgd Plant lO—mgd Plant 150—mgd Plant

Capital Cost per gpd of Plant Capacity $1.22 $0.25 $0.27
Incremental Annual O&M Cost per gpd of Plant Capacity $0.22 $0.13 $0.11
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Figure 13-9. Capital Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective C Year-
Round
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Figure 13-10. O&M Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective C Year-
Round
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Figure 13-11. Capital Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for

Objective C Year-Round
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Figure 13-12. O&M Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for

Objective C Year-Round
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Figure 13-13. Capital Cost per Plant Capacity for RBC Upgraded for Objective C Year-Round
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Figure 13-14. O&M Cost per Plant Capacity for RBC Plant Upgraded for Objective C Year-Round
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TABLE 13-12.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TRICKLING
FILTER PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Annualized Capital Cost $89,810 $184,134 $2,946,787
2014 O&M Cost $240,206 $1,489,273 $18,823,234
Total Annual Cost $330,016 $1,673,407 $21,770,022
Annual TP Load Reduction (Ib/yr) 11,425 114,245 1,713,675
Estimated Cost for TP Reduction ($/Ib TP removed) $28.89 $14.65 $12.70
BQUATION:IT ..ottt s st et et e ettt esn s s s es s s st seeens y = 62.964x "
RoSQUATE VAIUC: ...ttt ettt e sbeessesbaesbaenseenaesneennas 0.9558
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

TABLE 13-13.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TRICKLING
FILTER/SOLIDS CONTACT PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Annualized Capital Cost $89,810 $184,134 $2,946,787
2014 O&M Cost $243,470 $1,497,940 $18,738,821
Total Annual Cost $333,280 $1,682,073 $21,685,609
Annual TP Load Reduction (Ib/yr) 11,425 114,245 1,713,675
Estimated Cost for TP Reduction ($/Ib TP removed) $29.17 $14.72 $12.65
BQUALIONIT ..ottt s s y =120.68x"'*
RSQUATE VAIUC: ...ttt ettt e st e esaesbaenbaenseenaeeseennas 0.8489
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

TABLE 13-14.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING RBC PLANT
TO ACHIEVE OBJECTIVE C YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $89,810 $184,134 $2,946,787
2014 O&M Cost $246,053 $1,490,793 $18,841,805
Total Annual Cost $335,863 $1,674,926 $21,788,593
Annual TP Load Reduction (Ib/yr) 11,425 114,245 1,713,675
Estimated Cost for TP Reduction ($/Ib TP removed) $29.40 $14.66 $12.71
BQUATIONIT ..ottt sttt ettt et s s st ettt s aeaeas y = 65.083x""'"
RSQUATE VAIUC: ..ottt ettt ettt e esa e s ebeenseenaeeneennas 0.9543
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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13.1.5 Membrane Biological Reactor Plants

Table 13-15 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C year-round for an MBR plant. Figures 13-15 and 13-16 show graphs of
the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 13-16 presents the annualized unit costs for reducing nutrient loads.

TABLE 13-15.
ESTIMATED COST PER CAPACITY FOR UPGRADING MBR PLANT TO ACHIEVE
OBJECTIVE C YEAR-ROUND

l—mgd Plant lO—mgd Plant IOO—mgd Plant

Capital Cost per gpd of Plant Capacity $1.32 $0.33 $0.23
Incremental Annual O&M Cost per gpd of Plant Capacity $0.16 $0.08 $0.06

14 MBR to MER+C
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Figure 13-15. Capital Cost per Plant Capacity for MBR Plant Upgraded for Objective C Year-Round
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Figure 13-16. O&M Cost per Plant Capacity for MBR Plant Upgraded for Objective C Year-Round

TABLE 13-16.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING MBR PLANT
TO ACHIEVE OBJECTIVE C YEAR-ROUND

1-mgd Plant 10-mgd Plant 100-mgd Plant
Annualized Capital Cost $97,008 $242,560 $1,707,918
2014 O&M Cost $180,864 $889,546 $6,960,248
Total Annual Cost $277,871 $1,132,106 $8,668,166
Annual TP Load Reduction (Ib/yr) 10,768 107,675 1,076,750
Estimated Cost for TP Reduction ($/b TP removed) $25.81 $10.51 $8.05
BQUALION:IE ...ttt ettt e et een s eneaennna y =243.32x"%
RoSQUATE ValUC: ..ottt ettt et et e esa et ebeenseenaeeneeenas 0.9107
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

13.1.6 High-Purity Oxygen Activated Sludge Plants

High-purity oxygen activated sludge plants were not evaluated for any objectives that include phosphorus
removal, so no costs associated with Objective C were developed for these plants.
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13.1.7 Aerated or Facultative Lagoon Plants

Table 13-17 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C year-round for an aerated lagoon plant. Figures 13-17 and 13-18 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 13-18 and Figures 13-19 and 13-20 summarize these costs for a facultative
lagoon plant. Tables 13-19 and 13-20 present the annualized unit costs for reducing nutrient loads for
aerated lagoon and facultative lagoon plants, respectively.

TABLE 13-17.
ESTIMATED COST PER CAPACITY FOR UPGRADING AERATED LAGOON PLANT TO
ACHIEVE OBJECTIVE C YEAR-ROUND

0.5-mgd 50-mgd
Plant l-mgd Plant S—mgd Plant Plant

Capital Cost per gpd of Plant Capacity $4.76 $3.87 $2.22 $2.45
Incremental Annual O&M Cost per gpd of Plant Capacity $0.34 $0.20 $0.08 $0.04
TABLE 13-18.

ESTIMATED COST PER CAPACITY FOR UPGRADING FACULTATIVE LAGOON PLANT TO
ACHIEVE OBJECTIVE C YEAR-ROUND

0.5-mgd 50-mgd
Plant l-mgd Plant S—mgd Plant Plant

Capital Cost per gpd of Plant Capacity $4.76 $3.87 $2.22 $2.45
Incremental Annual O&M Cost per gpd of Plant Capacity $0.34 $0.20 $0.08 $0.04
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Figure 13-17. Capital Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective C Year-

Round
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Figure 13-18. O&M Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective C Year-

Round
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Figure 13-19. Capital Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective C

Year-Round
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Figure 13-20. O&M Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective C Year-
Round
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TABLE 13-19.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

O.S-mgd Plant l-mgd Plant S-mgd Plant SO-mgd Plant

Annualized Capital Cost $174,807 $284,062 $814,602 $9,002,573
2014 O&M Cost $188,787 $226,632 $476,934 $2,370,547
Total Annual Cost $363,594 $510,694 $1,291,536  $11,373,119
Annual TP Load Reduction (Ib/yr) 5,712 11,425 57,123 571,225
Estimated Cost for TP Reduction ($/Ib TP removed) $63.65 $44.70 $22.61 $19.91
BQUATIONIT ...ttt ettt ettt a e ee et s et an s s s nnn y = 469.06x "%
RoSQUATE VAIUC: ...ttt et sta e beebeesseessessaesseenseenseenes 0.8503
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

TABLE 13-20.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE C YEAR-ROUND

0.5-mgd Plant 1-mgd Plant 5-mgd Plant 50-mgd Plant

Annualized Capital Cost $174,807 $284,062 $814,602 $9,002,573
2014 O&M Cost $190,143 $227,358 $475,753 $2,419,844
Total Annual Cost $364,951 $511,420  $1,290,354  $11,422,417
Annual TP Load Reduction (Ib/yr) 5,712 11,425 57,123 571,225
Estimated Cost for TP Reduction ($/Ib TP removed) $63.89 $44.77 $22.59 $20.00
EQUALIONIE ..ottt ettt ettt ettt ettt et earnenas y = 469x "%

RoSQUATE VAU ..ottt ettt et e st eeenbe e ssbe e saeesnaaenee s 0.8472

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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13.2 SEASONAL NUTRIENT REMOVAL
13.2.1 Extended Aeration Plants

Table 13-21 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C seasonally for an extended aeration plant using mechanical aeration.
Figures 13-21 and 13-22 show graphs of the capital and O&M costs, respectively. The estimates are given
in dollars per gallon per day of plant capacity. Table 13-22 and Figures 13-23 and 13-24 summarize these
costs for an extended aeration plant using diffuser aeration. Tables 13-23 and 13-24 present the
annualized unit costs for reducing nutrient loads for mechanical aeration and diffuser aeration plants,

respectively.

TABLE 13-21.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (MECHANICAL
AERATION) PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

l-mgd Plant 10-mgd Plant 100-mgd Plant

Capital Cost per gpd of Plant Capacity $0.77 $0.20 $0.21
Incremental Annual O&M Cost per gpd of Plant Capacity $0.12 $0.08 $0.07

TABLE 13-22.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (DIFFUSER
AERATION) PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

l—mgd Plant 10-mgd Plant 100—mgd Plant

Capital Cost per gpd of Plant Capacity $1.01 $0.47 $0.30
Incremental Annual O&M Cost per gpd of Plant Capacity $0.11 $0.06 $0.05
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Figure 13-22. O&M Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded

for Objective C Seasonal
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Figure 13-23. Capital Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded
for Objective C Seasonally
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Figure 13-24. O&M Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded for
Objective C Seasonal
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TABLE 13-23.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EA
(MECHANICAL AERATION) PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

1-mgd Plant 10-mgd Plant 100-mgd Plant |

Annualized Capital Cost $56,339 $148,668 $1,544,576
2014 O&M Cost $136,074 $894,341 $7,326,837
Total Annual Cost $192,416 $1,043,009 $8,871,413
Annual TP Load Reduction (Ib/yr) 5,694 56940 569,400
Estimated Cost for TP Reduction ($/Ib TP removed) $33.79 $18.32 $15.58
EQUALIONIE ..ottt ettt ettt ettt y = 134.13x %'
RSQUATE VAIUC: ..ottt ettt e e s e sseeseesseenseeneenseensaens 0.8987

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

TABLE 13-24.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EA
((DIFFUSER AERATION) PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

1-mgd Plant 10-mgd Plant 100-mgd Plant

Annualized Capital Cost $74,334 $348,154 $2,175,939
2014 O&M Cost $121,105 $730,579 $5,478,189
Total Annual Cost $195,439 $1,078,733 $7,654,128
Annual TP Load Reduction (1b/yr) 5,694 56940 569400
Estimated Cost for TP Reduction ($/Ib TP removed) $34.32 $18.95 $13.44
BQUATION:T ..ottt ettt es ettt e e e e e s e e seses s s es et et e eae e nenenaeas y=191.4x"2%
R-SQUATE VAIUC: ..ottt et ettt e st e e e e snbeeenseesnsaennseenns 0.9768

a. x= Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/1b TP removed)
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13.2.2 Conventional Activated Sludge Plants

Table 13-25 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C seasonally for a conventional activated sludge plant. Figures 13-25 and
13-26 show graphs of the capital and O&M costs, respectively. The estimates are given in dollars per
gallon per day of plant capacity. Table 13-26 presents the annualized unit costs for reducing nutrient

loads.

TABLE 13-25.
ESTIMATED COST PER CAPACITY FOR UPGRADING CAS PLANT TO ACHIEVE
OBJECTIVE C SEASONALLY

1-mgd Plant IO—mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $1.28 $0.32 $0.42
Incremental Annual O&M Cost per gpd of Plant Capacity $0.20 $0.10 $0.08
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Figure 13-25. Capital Cost per Plant Capacity for CAS Plant Upgraded for Objective C Seasonally
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Figure 13-26. O&M Cost per Plant Capacity for CAS Plant Upgraded for Objective C Seasonal

TABLE 13-26.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING CAS PLANT TO
ACHIEVE OBJECTIVE C SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant

Annualized Capital Cost $93,871 $233,501 $4,587,148
2014 O&M Cost $223,605 $1,181,638 $13,681,122
Total Annual Cost $317,476 $1,415,139 $18,268,270
Annual TP Load Reduction (Ib/yr) 5,895 58,948 884,213
Estimated Cost for TP Reduction ($/Ib TP removed) $53.86 $24.01 $20.66
BQUATION:T ...ttt et ee e s s et e s et et et e s esescsnsnan s s eseseseeesesenens y = 239.89x '
R-SQUATE VAIUC: .ottt ettt e sbeesseetaessaesbeesseessesnneens 0.8308

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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13.2.3 Sequencing Batch Reactor Plants

Table 13-27 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C seasonally for an SBR plant. Figures 13-27 and 13-28 show graphs of
the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 13-28 presents the annualized unit costs for reducing nutrient loads.

TABLE 13-27.
ESTIMATED COST PER CAPACITY FOR UPGRADING SBR PLANT TO ACHIEVE
OBJECTIVE C SEASONALLY
0.5-mgd Plant 2-mgd Plant 10-mgd Plant
Capital Cost per gpd of Plant Capacity $1.41 $0.45 $0.18
Incremental Annual O&M Cost per gpd of Plant Capacity $0.09 $0.03 $0.01
30 SER to SER+C
' Sgasonal TP <1 mg-P/L
18 ||\ Capitzl Cost
1.0
=14 k
g |
a
~. 121 \
E !
Z10
5 \
Dr:l 0.8 .\ v - 0.8163x 251
- - . R |
0.1 $ e
02 e ——
.4 T
0 2 1 6 8 10 1z
Design Capacity (MGD)

Figure 13-27. Capital Cost per Plant Capacity for SBR Plant Upgraded for Objective C Seasonally
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Figure 13-28. O&M Cost per Plant Capacity for SBR Plant Upgraded for Objective C Seasonal

TABLE 13-28.
UNIT NUTRIENT REMOVAL COSTS FOR UPGRADING SBR PLANT TO ACHIEVE
OBJECTIVE C SEASONALLY
0.5-mgd Plant 2-mgd Plant 10-mgd Plant
Annualized Capital Cost $51,764 $65,542 $129,450
2014 O&M Cost $52,477 $60,384 $141,251
Total Annual Cost $104,240 $125,926 $270,701
Annual TP Load Reduction (Ib/yr) 1,141 4,563 22,813
Estimated Cost for TP Reduction ($/Ib TP removed) $91.39 $27.60 $11.87
BQUATION:T <.ttt es e e st es e e s s et e s et e s et e s e s esesesnsnan s eseseseseeesesenens y = 9820.1x "
R-SQUATE VAIUE: ..ottt et sttt e st e et e st eetaeenaseenaeas 0.9798
x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

a.
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13.2.4 Trickling Filter, Trickling Filter/Solids Contact and Rotating
Biological Contactor Plants

Table 13-29 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C seasonally for a trickling filter plant. Figures 13-29 and 13-30 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 13-30 and Figures 13-31 and 13-32 summarize these costs for a trickling
filter/solids contact plant. Table 13-31 and Figures 13-33 and 13-34 summarize these costs for an RBC
plant. Tables 13-32, 13-33 and 13-34 present the annualized unit costs for reducing nutrient loads for TF,
TF/SC and RBC plants, respectively.

TABLE 13-29.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER PLANT TO
ACHIEVE OBJECTIVE C SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $1.28 $0.32 $0.42
Incremental Annual O&M Cost per gpd of Plant Capacity $0.19 $0.10 $0.07

TABLE 13-30.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER/SOLIDS CONTACT
PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Capital Cost per gpd of Plant Capacity $1.28 $0.32 $0.42
Incremental Annual O&M Cost per gpd of Plant Capacity $0.19 $0.10 $0.07
TABLE 13-31.

ESTIMATED COST PER CAPACITY FOR UPGRADING RBC PLANT TO ACHIEVE
OBJECTIVE C SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Capital Cost per gpd of Plant Capacity $1.28 $0.32 $0.42
Incremental Annual O&M Cost per gpd of Plant Capacity $0.19 $0.10 $0.07
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Figure 13-31. Capital Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for
Objective C Seasonally
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Figure 13-32. O&M Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for
Objective C Seasonal
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Figure 13-34. O&M Cost per Plant Capacity for RBC Plant Upgraded for Objective C Seasonal
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TABLE 13-32.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TF PLANT TO
ACHIEVE OBJECTIVE C SEASONALLY

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $93,871 $233,501 $4,587,148
2014 O&M Cost $210,217 $1,118,216 $12,659,160
Total Annual Cost $304,088 $1,351,717 $17,246,308
Annual TP Load Reduction (Ib/yr) 5,895 58,948 884,213
Estimated Cost for TP Reduction ($/Ib TP removed) $51.59 $22.93 $19.50
BQUATION:T <.ttt se s e s et e st et et e s e s s s ssnenan s eneseseseseseseeens y =236.13x"""
R-SQUATE VAIUC: ettt ettt e essesaa e s e beenseensesneeens 0.838

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

TABLE 13-33.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TF/SC PLANT
TO ACHIEVE OBJECTIVE C SEASONALLY

l—mgd Plant IO—mgd Plant lSO—mgd Plant
Annualized Capital Cost $93,871 $233,501 $4,587,148
2014 O&M Cost $215,237 $1,137,743 $12,568,557
Total Annual Cost $309,108 $1,371,244 $17,1557,04
Annual TP Load Reduction (1b/yr) 5,895 58,948 884,213
Estimated Cost for TP Reduction ($/Ib TP removed) $43.06 $23.26 $19.40
BQUATION:T ...ttt e et et et s et et ssess s s s s et eseseseseseaens y=153.11x""°
R-SQUATE VAIUC: .ottt et ettt ettt e e e s e e enseeneesnaeens 0.8815

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

TABLE 13-34.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING RBC PLANT TO
ACHIEVE OBJECTIVE C SEASONALLY

l—mgd Plant IO—mgd Plant 150—mM
Annualized Capital Cost $93,871 $233,501 $4,587,148
2014 O&M Cost $215,614 $1,112,475 $12,562,367
Total Annual Cost $309,485 $1,345,977 $17,149,514
Annual TP Load Reduction (1b/yr) 5,895 58,948 884,213
Estimated Cost for TP Reduction ($/Ib TP removed) $52.50 $22.83 $19.40
EQUALION:E ..ottt ettt ettt y=225.71x""""
R-SQUATE VAIUC: ...ttt e et e e st e snaeessbeeesseesssaennnas 0.8407

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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13.2.5 Membrane Biological Reactor Plants

Table 13-35 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C seasonally for an MBR plant. Figures 13-35 and 13-36 show graphs of
the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 13-36 presents the annualized unit costs for reducing nutrient loads.

TABLE 13-35.
ESTIMATED COST PER CAPACITY FOR UPGRADING MBR PLANT TO ACHIEVE
OBJECTIVE C SEASONALLY

l—mgd Plant lO—mgd Plant IOO—mgd Plant

Capital Cost per gpd of Plant Capacity $1.19 $0.27 $0.07
Incremental Annual O&M Cost per gpd of Plant Capacity $0.15 $0.07 $0.04
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Figure 13-35. Capital Cost per Plant Capacity for MBR Plant Upgraded for Objective C Seasonally
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Figure 13-36. O&M Cost per Plant Capacity for MBR Plant Upgraded for Objective C Seasonal

TABLE 13-36.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING MBR PLANT
TO ACHIEVE OBJECTIVE C SEASONALLY

1-mgd Plant 10-mgd Plant 100-mgd Plant
Annualized Capital Cost $87,393 $198,159 $498,252
2014 O&M Cost $164,904 $771,109 $5,026,973
Total Annual Cost $252,297 $969,268 $5,525,225
Annual TP Load Reduction (Ib/yr) 5,493 54,933 549,325
Estimated Cost for TP Reduction ($/Ib TP removed) $45.93 $17.64 $10.06
BQUALIONIT ...ttt ettt en s s sttt enens y =735.65x"%
RoSQUATE VAU ..ottt et et e s b e e stte e s sbeesnaeensaeenneas 0.9779
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

13.2.6 High-Purity Oxygen Activated Sludge Plants

High-purity oxygen activated sludge plants were not evaluated for any objectives that include phosphorus
removal, so no costs associated with Objective C were developed for these plants.
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13.2.7 Aerated or Facultative Lagoon Plants

Table 13-37 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective C seasonally for an aerated lagoon plan. Figures 13-37 and 13-38 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 13-38 and Figures 13-39 and 13-40 summarize these costs for a facultative
lagoon plant. Tables 13-39 and 13-40 present the annualized unit costs for reducing nutrient loads for
aerated lagoon and facultative lagoon plants, respectively.

TABLE 13-37.
ESTIMATED COST PER CAPACITY FOR UPGRADING AERATED LAGOON PLANT TO
ACHIEVE OBJECTIVE C SEASONALLY

0.5-mgd 50-mgd
Plant 1-mgd Plant _5-mgd Plant Plant
Capital Cost per gpd of Plant Capacity $4.55 $3.50 $1.83 $1.84
Incremental Annual O&M Cost per gpd of Plant Capacity $0.35 $0.22 $0.10 $0.04
TABLE 13-38.

ESTIMATED COST PER CAPACITY FOR UPGRADING FACULTATIVE LAGOON PLANT TO
ACHIEVE OBJECTIVE C SEASONALLY

0.5-mgd 1-mgd 50-mgd
Plant Plant 5-mgd Plant Plant
Capital Cost per gpd of Plant Capacity $4.55 $3.50 $1.83 $1.84
Incremental Annual O&M Cost per gpd of Plant Capacity $0.32 $0.19 $0.07 $0.03
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Figure 13-37. Capital Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective C
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Figure 13-38. O&M Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective C Seasonal
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Figure 13-39. Capital Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective C
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Figure 13-40. O&M Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective C

Seasonal
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TABLE 13-39.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING AERATED
LAGOON PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

O.S—mgd Plant l—mgd Plant S-mgd Plant SO-mgd Plant

Annualized Capital Cost $166,941 $256,967 $672,134 $6,756,300
2014 O&M Cost $195,653 $242,885 $559,828 $2,441,060
Total Annual Cost $362,594 $499,851 $1,231,962  $9,197,359
Annual TP Load Reduction (Ib/yr) 2,947 5,895 29,474 294,738
Estimated Cost for TP Reduction ($/1b TP removed) $123.02 $84.80 $41.80 $32.21
BQUALIONIE ..ottt ettt ettt n st en et ann e eanna y = 1053.4x %
R-SQUATE VAlUC: ..ottt ettt et ettt et et e ene 0.9023

a. x= Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/1b TP removed)

TABLE 13-40.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING FACULTATIVE
LAGOON PLANT TO ACHIEVE OBJECTIVE C SEASONALLY

O.S—mgd Plant l—mgd Plant 5-mgd Plant 50-mgd Plant

Annualized Capital Cost $166,941 $256,967 $672,134 $6,756,300
2014 O&M Cost $179,868 $212,603 $419,196 $1,792,767
Total Annual Cost $346,808 $469,570  $1,091,330  $8,549,066
Annual TP Load Reduction (Ib/yr) 2,947 5,895 29,474 294,738
Estimated Cost for TP Reduction ($/Ib TP removed) $117.67 $79.66 $37.03 $29.01
EQUALIOMI® ..o e e eee e e e eee s eeee s eeee e eeee s eees e eeeseeseeseees y = 1109.9x*"
RoSqUATE VAUC: ...ttt sttt s e st e st e s e e s e esaeeseeseenseas 0.8912

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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CHAPTER 14.
COST EVALUATION, OBJECTIVE D

14.1 YEAR-ROUND NUTRIENT REMOVAL
14.1.1 Extended Aeration Plants

Table 14-1 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective D year-round for an extended aeration plant using mechanical aeration.
Figures 14-1 and 14-2 show graphs of the capital and O&M costs, respectively. The estimates are given in
dollars per gallon per day of plant capacity. Table 14-2 and Figures 14-3 and 14-4 summarize these costs
for an extended aeration plant using diffuser aeration. Tables 14-3 and 14-4 present the annualized unit
costs for reducing nutrient loads for mechanical aeration and diffuser aeration plants, respectively.

TABLE 14-1.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (MECHANICAL
AERATION) PLANT TO ACHIEVE OBJECTIVE D YEAR-ROUND

l-mgd Plant 10—mgd Plant IOO—mgd Plant

Capital Cost per gpd of Plant Capacity $3.14 $1.40 $1.01
Incremental Annual O&M Cost per gpd of Plant Capacity $0.29 $0.21 $0.19

TABLE 14-2.
ESTIMATED COST PER CAPACITY FOR UPGRADING EXTENDED AERATION (DIFFUSER
AERATION) PLANT TO ACHIEVE OBJECTIVE D YEAR-ROUND

1-mgd Plant 10-mgd Plant 100-mgd Plant

Capital Cost per gpd of Plant Capacity $3.38 $1.65 $1.07
Incremental Annual O&M Cost per gpd of Plant Capacity $0.24 $0.18 $0.15
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Figure 14-1. Capital Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded
for Objective D Year-Round
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Figure 14-2. O&M Cost per Plant Capacity for Extended Aeration (Mechanical Aeration) Plant Upgraded
for Objective D Year-Round
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Figure 14-3. Capital Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded for

Objective D Year-Round
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Figure 14-4. O&M Cost per Plant Capacity for Extended Aeration (Diffuser Aeration) Plant Upgraded for

Objective D Year-Round
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TABLE 14-3.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EXTENDED
AERATION (MECHANICAL AERATION) PLANT TO ACHIEVE OBJECTIVE D YEAR-ROUND

l-mgd Plant 10-mgd Plant 100-mgd Plant

Annualized Capital Cost $230,273 $1,028,735 $7,420,567
2014 Incremental O&M Cost $321,614 $2,402,989 $21,274,480
Total Annual Cost $551,887 $3,431,725 $28,695,047
Annual TP Load Reduction (Ib/yr) 12,775 127,750 1,277,500
Estimated Unit Cost for TP Reduction ($/Ib TP removed) $43.20 $26.86 $22.46
EQUAIONIE ...ttt ettt ettt ettt y=157.5x%'%
R-SQUATE VAIUC: ..ottt ettt e eee 0.936

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

TABLE 14-4.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING EXTENDED
AERATION (DIFFUSER AERATION) PLANT TO ACHIEVE OBJECTIVE D YEAR-ROUND

1-mgd Plant 10-mgd Plant 100-mgd Plant |
Annualized Capital Cost $248,216 $1,211,255 $7,830,850
2014 Incremental O&M Cost $272,598 $1,971,976 $17,039,753
Total Annual Cost $520,814 $3,183,231 $24,870,603
Annual TP Load Reduction (Ib/yr) 12,739 127,385 1,273,850
Estimated Cost for TP Reduction ($/Ib TP removed) $40.89 $24.99 $19.52
EQUALIONIE ...ttt ettt ettt y =179.07x¢"
R-SqUATE VAIUC: ..ottt ettt et e eee 0.9646

a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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14.1.2 Conventional Activated Sludge Plants

Table 14-5 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective D year-round for a conventional activated sludge plant. Figures 14-5 and
14-6 show graphs of the capital and O&M costs, respectively. The estimates are given in dollars per
gallon per day of plant capacity. Table 14-6 presents the annualized unit costs for reducing nutrient loads.

TABLE 14-5.
ESTIMATED COST PER CAPACITY FOR UPGRADING CAS PLANT TO ACHIEVE
OBJECTIVE D YEAR-ROUND

l-mgd Plant IO-mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $3.60 $1.42 $0.96
Incremental Annual O&M Cost per gpd of Plant Capacity $0.28 $0.18 $0.15
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Figure 14-5. Capital Cost per Plant Capacity for CAS Plant Upgraded for Objective D Year-Round

14-5





Technical and Economic Evaluation of Nitrogen and Phosphorus Removal at Municipal Wastewater Treatment Facilities...

U a0 CAS to CAS+C+F
' | ¥aar Around TP < 0.1 mg-PfL
» O&M Cost
0.25
\
!

- "\\1
> 020
= Yo y =0.2643c012¢
= ® ey RZ= 0015
m —— —_
2 i = s ®
£ ——i
K
©
-
= 010
"]
&
(]

005

L T T T T T T T

0 20 10 G0 80 100 120 110 160 1280 200
Design Capacity (M GD)

Figure 14-6. O&M Cost per Plant Capacity for CAS Plant Upgraded for Objective D Year-Round

TABLE 14-6.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING CAS PLANT TO
ACHIEVE OBJECTIVE D YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $264,517 $1,043,049 $10,550,902
2014 O&M Cost $315,750 $1,997,694 $25,088,042
Total Annual Cost $580,367 3,040,743 $35,638,944
Annual TP Load Reduction (Ib/yr) 13,140 131,400 1,971,000
Estimated Cost for TP Reduction ($/Ib TP removed) $44.17 $23.14 $18.08
BQUATION:T ...oeieieieceieeeeeeeee ettt ettt e et et e et e et e e es e asas s eses et es e st eaeneenes y=214.81x""7
R-SQUATE VAIUC: ...ttt ettt et s e e beesbeesseesaesneeseenseenes 0.9129
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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14.1.3 Sequencing Batch Reactor Plants

Table 14-7 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective D year-round for an SBR plant. Figures 14-7 and 14-8 show graphs of the
capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 14-8 presents the annualized unit costs for reducing nutrient loads.

TABLE 14-7.
ESTIMATED COST PER CAPACITY FOR UPGRADING SBR PLANT TO ACHIEVE
OBJECTIVE D YEAR-ROUND
0.5-mgd Plant 2-mgd Plant 10-mgd Plant
Capital Cost per gpd of Plant Capacity $3.27 $2.21 $1.36
Incremental Annual O&M Cost per gpd of Plant Capacity $0.19 $0.12 $0.09
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Figure 14-7. Capital Cost per Plant Capacity for SBR Plant Upgraded for Objective D Year-Round
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Figure 14-8. O&M Cost per Plant Capacity for SBR Plant Upgraded for Objective D Year-Round

TABLE 14-8.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING SBR PLANT TO
ACHIEVE OBJECTIVE D YEAR-ROUND
0.5-mgd Plant 2-mgd Plant 10-mgd Plant
Annualized Capital Cost $120,093 $325,337 $999,877
2014 O&M Cost $104,836 $259,036 $996,931
Total Annual Cost $224,928 $584,373 $1,996,808
Annual TP Load Reduction (Ib/yr) 2,957 11,826 59,130
Estimated Cost for TP Reduction ($/Ib TP removed) $76.08 $49.41 $33.77
EQUALIONIE ...ttt ettt ettt e ettt nnna y =646.37x"%
R-SQUATE VAIUE: ...ttt sttt 0.9937
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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14.1.4 Trickling Filter, Trickling Filter/Solids Contact and Rotating
Biological Contactor Plants

Table 14-9 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective D year-round for a trickling filter plant. Figures 14-9 and 14-10 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 14-10 and Figurse 14-11 and 14-12 summarize these costs for a trickling
filter/solids contact plant. Table 14-11 and Figures 14-13 and 14-14 summarize these costs for an RBC
plant. Tables 14-12, 14-13 and 14-14 present the annualized unit costs for reducing nutrient loads for TF,
TF/SC and RBC plants, respectively.

TABLE 14-9.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER PLANT TO
ACHIEVE OBJECTIVE D YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $3.60 $1.42 $0.96
Incremental Annual O&M Cost per gpd of Plant Capacity $0.26 $0.17 $0.14

TABLE 14-10.
ESTIMATED COST PER CAPACITY FOR UPGRADING TRICKLING FILTER/SOLIDS CONTACT
PLANT TO ACHIEVE OBJECTIVE D YEAR-ROUND

l-mgd Plant 10-mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $3.60 $1.42 $0.96
Incremental Annual O&M Cost per gpd of Plant Capacity $0.27 $0.17 $0.14

TABLE 14-11.
ESTIMATED COST PER CAPACITY FOR UPGRADING RBC PLANT TO ACHIEVE
OBJECTIVE D YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Capital Cost per gpd of Plant Capacity $3.60 $1.42 $0.96
Incremental Annual O&M Cost per gpd of Plant Capacity $0.27 $0.17 $0.14
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Figure 14-9. Capital Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective D Year-
Round
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Figure 14-10. O&M Cost per Plant Capacity for Trickling Filter Plant Upgraded for Objective D Year-
Round
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Figure 14-11. Capital Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for

Objective D Year-Round
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Figure 14-12. O&M Cost per Plant Capacity for Trickling Filter/Solids Contact Plant Upgraded for

Objective D Year-Round
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Figure 14-13. Capital Cost per Plant Capacity for RBC Upgraded for Objective D Year-Round

REC to RBCHC+F

0.2
YWear Arcund TR < 0.1 mg-F/L
08 M Cost
b
0.2
\ y=0.2519¢117
- Bi= 1161
"; ﬂ_?"_. "I‘k L]
[=] N
= '
a L N
':" 01n e S—
° —_— *
[N
=
g o
0.05
0.00 , , . .
¥ i 10 1 ib I

Design Capscizy [MED)

Figure 14-14. O&M Cost per Plant Capacity for RBC Plant Upgraded for Objective D Year-Round
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TABLE 14-12.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TRICKLING
FILTER PLANT TO ACHIEVE OBJECTIVE D YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Annualized Capital Cost $264,617 $1,043,049 $10,550,902
2014 O&M Cost $297,872 $1,864,659 $23,490,382
Total Annual Cost $562,489 $2,907,708 $34,041,284
Annual TP Load Reduction (Ib/yr) 13,140 131,400 1,971,000
Estimated Cost for TP Reduction ($/1b TP removed) $42.81 $22.13 $17.27
BQUATION:IT ..ottt et s et et et et s et ee s s en s st et senens y=213.36x"""
RoSQUATE VAIUC ...ttt ettt ettt e s e essesbaesbaenseessesseennas 0.911
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

TABLE 14-13.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING TRICKLING
FILTER/SOLIDS CONTACT PLANT TO ACHIEVE OBJECTIVE D YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant

Annualized Capital Cost $264,617 $1,043,049 $10,550,902
2014 O&M Cost $301,209 $1,891,108 $23,384,021
Total Annual Cost $565,826 $2,934,157 $33,934,923
Annual TP Load Reduction (Ib/yr) 13,140 131,400 1,971,000
Estimated Cost for TP Reduction ($/Ib TP removed) $43.06 $22.33 $17.22
EQUALIONIE ...ttt ettt ettt na y=218.9x""
R-Square Value: ........................................................................................................................ 0.9173
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

TABLE 14-14.

ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING RBC PLANT
TO ACHIEVE OBJECTIVE D YEAR-ROUND

1-mgd Plant 10-mgd Plant 150-mgd Plant
Annualized Capital Cost $264,617 $1,043,049 $10,550,902
2014 O&M Cost $301,383 $1,878,840 $23,420,038
Total Annual Cost $566,000 $2,921,889 $33,970,940
Annual TP Load Reduction (Ib/yr) 13,140 131,400 1,971,000
Estimated Cost for TP Reduction ($/1b TP removed) $43.07 $22.24 $17.24
EQUALIONIE ...ttt ettt ettt ettt y =218.09x*"*
RoSQUATE VAU ....oiiiiieiieiie ettt ettt e e te e st e e s e e ssaeessseessaeessaeenseas 0.9141
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)
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14.1.5 Membrane Biological Reactor Plants

Table 14-15 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective D year-round for an MBR plant. Figures 14-15 and 14-16 show graphs of
the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day of plant
capacity. Table 14-16 presents the annualized unit costs for reducing nutrient loads.

TABLE 14-15.
ESTIMATED COST PER CAPACITY FOR UPGRADING MBR PLANT TO ACHIEVE
OBJECTIVE D YEAR-ROUND

l—mgd Plant lO—mgd Plant IOO—mgd Plant

Capital Cost per gpd of Plant Capacity $1.32 $0.34 $0.28
Incremental Annual O&M Cost per gpd of Plant Capacity $0.19 $0.11 $0.09

MMER to MBR+C

14
w Year Around TP < 0.1 mg-P/L
Capital Cost

1.2
Fr
T ]
o
K
2 s L
s ]\ Y= 10034055
5 \ R'-0.84949
&
— 0.6 "
o ,
S N

0.4 -

& —
TSy e o
0.2
(IR 1] T T T T T T 1
i 20 A0 G B0 O 120 110

Dasign Capacity [MGD)

Figure 14-15. Capital Cost per Plant Capacity for MBR Plant Upgraded for Objective D Year-Round
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Figure 14-16. O&M Cost per Plant Capacity for MBR Plant Upgraded for Objective D Year-Round

TABLE 14-16.
ESTIMATED COST PER WEIGHT OF NUTRIENT REMOVAL FOR UPGRADING MBR PLANT
TO ACHIEVE OBJECTIVE D YEAR-ROUND
1-mgd Plant 10-mgd Plant 100-mgd Plant

Annualized Capital Cost $97,008 $253,136 $20,51,414
2014 O&M Cost $212,293 $1,213,732 $9,578,080
Total Annual Cost $309,301 $1,466,868 $11,629,494
Annual TP Load Reduction (Ib/yr) 12,483 124,830 1,248,300
Estimated Cost for TP Reduction ($/b TP removed) $24.78 $11.75 $9.32
BQUALIONIT ..ottt ettt en s s sttt aenens y = 168.53x %"
RoSQUATE VAU ....oiiiiieiice et ettt st seb e e st e e stte e s saeesnaeesnaeenneas 0.9155
a. x = Annual TP Load Reduction (Ib), y= Estimated Cost for TP Reduction ($/Ib TP removed)

14.1.6 High-Purity Oxygen Activated Sludge Plants

High-purity oxygen activated sludge plants were not evaluated for any objectives that include phosphorus
removal, so no costs associated with Objective D were developed for these plants.
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14.1.7 Aerated or Facultative Lagoon Plants

Table 14-17 summarizes estimated capital costs and incremental O&M costs (compared to the existing
plant) for achieving Objective D year-round for an aerated lagoon plant. Figures 14-17 and 14-18 show
graphs of the capital and O&M costs, respectively. The estimates are given in dollars per gallon per day
of plant capacity. Table 14-18 and Figures 14-19 and 14-20 summarize these costs for a facultative
lagoon plant. Tables 14-19 and 14-20 present the annualized unit costs for reducing nutrient loads for
aerated lagoon and facultative lagoon plants, respectively.

TABLE 14-17.
ESTIMATED COST PER CAPACITY FOR UPGRADING AERATED LAGOON PLANT TO
ACHIEVE OBJECTIVE D YEAR-ROUND

0.5-mgd 50-mgd
Plant l-mgd Plant S—mgd Plant Plant

Capital Cost per gpd of Plant Capacity $6.85 $6.37 $3.72 $3.41
Incremental Annual O&M Cost per gpd of Plant Capacity $0.39 $0.25 $0.12 $0.07
TABLE 14-18.

ESTIMATED COST PER CAPACITY FOR UPGRADING FACULTATIVE LAGOON PLANT TO
ACHIEVE OBJECTIVE D YEAR-ROUND

0.5-mgd 50-mgd
Plant l-mgd Plant S—mgd Plant Plant

Capital Cost per gpd of Plant Capacity $6.85 $6.37 $3.72 $3.41
Incremental Annual O&M Cost per gpd of Plant Capacity $0.39 $0.25 $0.12 $0.07
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Figure 14-17. Capital Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective D Year-
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Figure 14-18. O&M Cost per Plant Capacity for Aerated Lagoon Plant Upgraded for Objective D Year-

Round
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Figure 14-19. Capital Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective D

Year-Round
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Figure 14-20. O&M Cost per Plant Capacity for Facultative Lagoon Plant Upgraded for Objective D Year-
Round
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